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INTRODUCTION 

Essential Preliminary 

I myself tardy read in trod uction-s: this one lh addressed 
to the reader, with an aside to the reviewer, and Ire is ash«i 
to read it to avoid misiinderslandlrig. The title of this book I§ 
Teach Yotirieif A sirsm&my and, as far as possible, E have stuck 
ti> my brief. Although it is on^ of tile essential principles of 
science that all scientific knowledge can be recaptured by 
anyone, given suiudtiu time, intelligence and patience, life 
is too short to make thus a practicable course. 1 have there- 
lure often been compelled to set out the details of took know¬ 
ledge of astronomy. Apart from l\m, my principal problem 
lias been to try to make this book a means of elementary self- 
instruction and yet, at the same time, to make it up-to-daie. 
The reader must judge for himself haw far Ibis object has 
been achieved.. 

I have assumed that the renders of tills hook will already 
have decided fur themselves that a knowledge of astronomy 
is a desirable thing. and worth the exertion of uou mental 
edort to acquire. I have not therefore been at pains to fef 
the reader down particularly lightly. The best way of reading 
the baok is probably to run through it quickly at first to ice 
what it contains, and then to study it in more detail, I 
have not had much recourse to mat bum a tics, at least formally, 
but at various points there will be found trains of reasoning 
width are mathematical in nature. This choice is deliberate, 
because many people are, as it were, slightly allergic to mathe¬ 
matics. but can digest the equivalent verbal reasoning without 
discomfort. 

It is impassible to include all astronomy In the compass 
ol such a book and, for example, there are only slight oblique 
references to EJstnjphyiska, and. deliberately, nothing at all. 
about precession, nutation or aberration. My professional 
colleagues may hold up their hands in horror at the omissions, 
and at the superficial treatment of many of the topics discussed 
But the bonk is not written for them; it & written for the 
interested man in the street, in the hope tint it will give him 
pleasure, and that a few nf his number will be sutfickri tly 
interested to go further, and Eventually to join Lhe ran kg of 
one of the various astronomical associacions ,aa serious amateur 
observers. 
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fundamentals 

This book is written on the assumption ttial you know no 
astronomy, and yon may believe Chat this is strictly true. 
In fact, htjFWWfif. aJffiCut evnybody does know gnnie iwimiifttny 
ii^d wg can fcjesi begin by putting down win at everybody 
does know and make this pur starting puini. Everybody 
knows that the earth turns on its ax Li from west to east, so 
that the mm, moon and .stars go past us in the reverse direction 
from east to west, Everybody knows at leftat cure Ccuistclla- 
tinn: in the northern sky the Plough. in the southern, the 
Southern Cross; and everybody knows, but may not realise 
the fact until it is pointed out, chat theac can^tellattans, and 
ail others, retain the same shape? go far a 3 observation with 
the naked eye can show. 

Now go out of doors qn a clear dark night and take note 
uf what you see. About half an hour will be sufficient to 
show a number of important facts, II you watch carefully 
you wid sec. that the stars, like the s-un and the moon risG 
in the east and set in cite west and that all the stars and ron- 
Irtebatiulls keep station relative to one another. The sky 
liioto to the observer like a huge hemisphere with the stars 
marking particular poaiticuus qji the inside of it. The horizon 
forms the lower rim of the hemisphere, and the pnint directly 
aver the observer's head Us known as the zenith. We can, 
mure conveniently, think, of tine whole sky as forming a enm- 
pfete sphere, of which the lower half is cut off by the horizon. 

The Celestiul .Sphere 

This imaginary sphere, with the observer at its centre, 
called the tel&itiitf tphtrt, The sky is not. of course, a real 
sphere, but the idea of a celestial sphere, that Ls a large sphere 
with the observer at the centre, and the positions of the various 
atars marked on Its inner surface, is an extremely useful one. 
and will be used throughout the sequel. A physical reaUsa 
Ei-iik of the celestial sphere- 13 alTurdcd by the planetarium, a 
darkened building with a while domed ceiling, on to which 
Light splits in position* corresponding iu start and planets, cari 
hi j projected by nr optical' device. These spots. can be moved 
su ns to repatwliice eaartlv the motions of the sun, moon, 
planets ami stan- arid Mlerr rate of movement can be mcre-ased 
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an a* to ikmuiisimte pbfja«.»mcm& occupying very lung period* 
in nature. Thu illusion of heing out □!' "duurs uo ii dear starry 
night b complete, Although tin: planetarium was hrst 
devised in Germany* almost all pkjietiyk open fui public 
exhibition nre located in the U.S.A. 

The cefitstia] sphere appear? to be turning from east lo 
west in conMCiuenc’fi of tlie rotation of the earth from west 
Tu cut. Now, when a globe turns on pt3 asig there are two 
points—the points where the axis goes through the sutfcwr 
of the globe—which do not move tit at!. In the case of Hi' 1 
celestial sphere these two points are called the north and smith 
ttieslial pries. The Pole Star. which is located by the two 
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Figure j Figure a 


pointers ol the Plough is very close to the true position of 
the north celestial pule. It you live in the northern hemi¬ 
sphere yon can easily see, by drawing a little sketch every hour 
for hp vend succeaafve hours on one mghl, that although 
the Plough appears to turn round the north pole ol the heavens* 
the pole star remains almost exact I v fixed in position. 
[Figure t.) 

ll s& a mem coincidence that there happens lu be a bright 
star so close to the north cde&lial voh. In the smithmi 
sky there is no bright star clfififl to the south celestial pole, 
but, by observing the movement of the Southern Cross Ini 
several hours it is possible to verify that there b aliio a lixcd 
point, the south celestisd pole, in thb half of the sky i Vigwr- 1 
s.) 

fust as the earth ha* a north and a south pnlc with an 
imaginary line, the equator. haJf-wav btrtweMl them, m (he 
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^ky bns n cr kitial equator which ns half-way between tb<5 tiurtli 
And South celestial poles. 

Now, Jet us look at hlll tiers from a slightly dtflcrcnt stand 
i'OinL III Figure 3 Jet the- cuxte represent a section through 
the centre nF the earth with an ohR^rver stan din g. Innking 
at the skv, from some place in a moderate northerly latitude, 
denote the latitude 1 of a pJa.ce on the? earth by the Greek 
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letter ? (phi). We there Jore mark tho position of the observer 
on the surface of the earth m such a way that the angle OCE 
is equal to 9. The height of the observer compared with 
the rad Jug of the earth is supposed to be negligible, If we 
draw a Imc from Iu5 eye to die pale star, or more precisely 
cu the true position of the celestial pole, this Line will be 
parallel ho the aatk of the earth. If we try to imagine the 
sky as the observer sees it, we shall first have to mark a luie 
touching the surface of the earth, which represenbi his liorlznn. 
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We can easily 1 see, by drawing a dotted hnc to any star, S fc 
which* in ihe figure tto bd&w this horizon, that such a star 
will be hidden by the bulge of the earth. Sketching in the 
celestial sphere for the observer at the given position ut 
mark his zenith at the point 7, and the viable portion of bis 
tdcstial sphere as. the sernidznle above the line repo ■■ntno: 
bis horizon r The angle between the dirrctiorl to a Star rand 
the horizontal Ls called the aftiiude ul a aim. II, \*U linking 
ai the sky yon eh nose any particular star, and fact 1 directly 
towards it u then the ans^fl through whii h you must turn yi.rur 
gaze Irani the point of the horizon directly lie low the star, 
up to the position of the star, is calhd its altitude. If VuU 
continue turning your gaze upwards towards th«: aftmlTh, 
then the remaining angle, from the Stur r up tu tl30 position 
cf the aenith, exactly overhead, hi called Hie zenith distant 
of the star. The SUH 1 of the two aotflra ts of course ninety 
degrees or. 

For any alar 

altitude -4- zenith distance ~= uo c (one right anghiju 

to the diagram, the ajiglc FOH is the altitude of tk north 
celestial pole. But by an filamentary geonuctricaJ theorem 
About two parallel lines and a third Line cutting them, the 
angle ZOP = angle GCN, where N b the north pole nl the 
earth. But angle OCN = 9a 3 — ^ so tlmt angle INSH - - 
t.e, the altitude of the celestial pole = the latitude of the 
observer, Thus in I^rmdim, in north latitude 5 t 4 the alti¬ 
tude oJ the celestial pole ii 5li°. At the north pale Ltsalf, 
where the latitude is 90“ , the -dtitude *d the pole us qo ! , and 
its zenith distance is therefore zero; or to put it another way, 
the pule of the heavens is in the zenith as seen from Ihn north 
pnle of the earth. From the equator, ai latitude o u thr alti¬ 
tude of the pole is zero. That is. if are <m a ship, on the 
day you erws the licit, the pole vviJ] ju&t lie on the horizon 

if "you follow through the foregoing arguments It ill 
rairily be Seen that precisely the same arguments could have 
been used in the case of the south pole of the heavens- In 
south latitudes y degrees the south pule will he 9 degrees 
above the horizon; at the south pole i>f the earth, the south 
celestial pole will tie directly overhesd 

Navigation, by llie ^lars: The Sextant 

This simple rule enables us almost af utice to make a practi¬ 
cal application, dearly the navigator of a ship will Hind it 
estremeiy easy to determine the latitude of his ship oil any 
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night when he cars see the pole star. Unfortunately there 
h no star exactly at the prjle r but with a quite small error, 
not small enough unfortunately to be negligibly in practical 
navigation,. he can, by using a sextant to measure the altitude 
Hi the pole star above the horizon, determine at once what 
the latitude of bis ship is. 

The principle of the sextant is Illustrated in Figure 4 . M 
and M r art two plane mimjrs, the latter being fixed to the 
frame of the instrument while the former is mounted on a 
rotating arm which carries the pointer P moving: over the 
graduated am A. T is a telescope through which the operatnr 



A 

Figur? 4 


looks, When be does so he sees two images. One is an 
jmage of the horinm brought to luni along the horizontal 
light my II which usies tLirtmgh the mirror MY, this being 
only Lightly or half silvered so as to transmit light as wed 
as reflect it. In the second place lie sees the image of the 
f-%m t moon, planet o r star by means of the light ray from 
S which 15 refLectmi at M H then at M H , and then into the tele¬ 
scope T, This will only occur if M ii at the correct angle. 
As P is moved over the an! A at one moment the operator 
will aw the atm In his field of view exactly in line wdh the 
1 1 union. He then reads the angle on the arc A. In fact 
if th* sun were to move up through a certain angle the mirror 
M wrnild have tn be turned through, only half this angle because 
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at the wclL-kntuvn property that turning a roimir through 
a -certain angle 1UH13 the refl€H"tecL ray tbmugh twice thal 
angle. However, to save trouble, the arc A is graduated in 
half degrees SO that tile observer Can rcJd off the Altitude 
directly. When M and M' are parallel the operator wee the 
horizon both directly through M" and twice reflected in M 
and M\ The zero point of the graduation of A thus corns - 
ponds to a point on the right of A such that PM Ls tin ai parallel 
tn the face of M\ The graduation in JriLiJf degrees starts bum 
this paint. 


O 



Scstatits are usually beautifully tuade and include all 
sorts of refinements such as verniers for accurate raiding 
and dark shades to protect the observer's eye when " shouting 
ehe sun J \ Sextants for use in aircrafts when the horizon 
is in visibly also contain a bubble arrangement which allows 
when the sextant is being held level. Thin does duty instead 
of the observed horizontal IIT buL es lets accurate, SO bublih 1 
sextan (soften contain devices whereby many altitiadi- readme 
of the same star—up to too—may be taken very rapidly 
and thp average value shown automatically, This cuts down 
the greater errors inevitable m the. prowss o( attempting to 
make accurate measures from a rapidly moving and unsteady 
aircraft The accuracy obtainable with a first--.las* marine 
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ae^tant is about of a degress and with a babble **staFit 
about H \i of a rl^ftc. 

The Distance of the Horizon 

In discussing the rule that the altitude of the puk was 
equal to the latitude wp mad*? the proviso that the height 
►d the observer was negligible. Whan this m rot the ca&c. 
as ] 1 appeiis in obsemti^m from a high deck, a mast or an 
aircraft, a correction must be applied. In Figure ^ let O 
an observer at a height h above the surface of the earth. 
Ttse line 00 just touche* tbs earih and is the direct inn tu 
the. horizon as se E ?n by Q, 

Now by Pythagotujs™ theorem 

OQ» = CO - QC* = DC® - PC* 
for QC — PC radius of the earth. 

But OC 1 - PC* = tOC - FQ x fOC + PC) 

= OF x OR 

The distance OH = diameter of tin* earth (neglecting the 
imaU extra height OPj. 

Hence QQ B (distance tu horizon) 1 = height of observer 
X diameter of earth. 

Taldrig the earlh'i diameter in Itnmd figures ns Buoo miles then 
distance to horizon in mile* v" 1 height of observer in miles > 

&□□□ 

= V' !r >' height of sibHervcr in feet 

approximately., 

Also, the true horizontal through G is perpendicular fcp OC. 
Hen re Q is too low, i.e. the horizon is depressed, as the result 
□f the elevation of O alcove the surface. This angle of depres¬ 
sion is equal to the angle QCG (note that this is aero when 
OP ts zttro. us it should be). It can easily be shown that 
roughly angle QCQ - Inimitcs of arc where, h is in feet. 

One minute of arc (V) is one sixtieth of a degree. This 
cq miction must be subtracted, from the observed altitude 
of any body as measured with a sextant to dbtaiil the true 
altitude. This corrected altitude b thin value to be subtracted 
from, i}0 n to obtain the true zenith distance, (See page 4 .) 

'Hie rule shows that a sbc-Ibot man with his eye 5 ft. 6 inches 
above the surface can see 3 tndes. Frmn a ship's. mast joo 
f«et high the visibility is shout 13 miles. From an aircraft 
at 10,000 feet one can set about T30 miles. The depression 
id the horizon in these cases in respectively ib.nil sj r , about 
ID', and about l|^ 
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These distances must all be somewhat increased because 
of the bending or' l ight rays by the atmosphere of I he earth, 
an effect which 15 cSiseusaed in Chapter V, 

SubstcTlar Points and Position Circles 

In disc lining the mle that the alt Jt uric of the pule was mpiaJ 
to the latitude we remarked that at the north pole itself thn 
pole af the hetiM was directly uvErrhanrl, Now, for each 
Star there is some position oes the Surface of the globe at cadi 
moment, Such that the Star fs directly Overhead Tliis point 
we call the ntbsteltor point of that star. For the north pole 
of the heavens, imagining for the moment that we mark it 
by a star, the snbsteftar point is the north pole of the earth, 
and ia faced on the earth. AU the other su Sjs te Liar points 
arc continual] v moving over the earth's ult fare n& the: earth 
tnms on its axis. Now. our rule about the north pule can 
be put in n slightly different way. The rule that altitude 
of the pole i* equal to the latitude of the place of observation 
can be put alternatively els the rule that the zenith distance 
of the pole of the heavens b equal to {OO* — I at Etude j (We 
have merely subtracted both the altitude and the latitude 
from 90"}, But foo D latitude) is the angle from I In- pole 
to the position of the observer, or, what k the same thing, 
the angle measured at the centre of the earth from the sqb- 
Stetlav point of the pole to the position nf the observer 

We need only redraw our diagram (Figure 3) Ukim* any 
star wlmtevrr instead of the pr.ilu. F. to sire that the angle 
measured at the centre of the earth from the substdl&r point 
of a star to the position of the observer, b (s|iial to the irnith 
ribtance of that star els measured by the observer. Thie 
is the fundamental rule of all processes of star navigation. 
Now, ia what distance on the surface of the earth does an 
angle uf r say, one degree at the centre of the earth, cornu* 
j^ond? The radios of the earth b about 3960 miles, so thftt 
the whole circumference of the earth is lit times this, or 
24,900 miles* This corresponds to an Ullgle of ;|6o degrees 
at the centre of the earth, so that unc degree corresponds 
to about 6b miles, fn all science the degree is divided Into 
60 parts called minutes of arc, one of which h written ** 
t \ Each mmwte of arc is divided into i-'io parts called sneomb 
of arc, written as IAn an^le of one minute of arc cxwre-a. 
pond? tn a distance of 60B0 feet Eit the surface of the earl I 
a length which fa called a nautical mile. A speed of one 
oauticaJ mile per hour Es caEled a knot. Just to fix the idean., 
a fairly fast ocean-going liner may do about is knots, rnrres- 
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ponding to 6 od nautical miles m one dflv, or, jf the ship i 9 
travelling due north or south, to a change in ]iLtL*.ude ni 
i o degrees. 

The use of this of nautical miles mcnplirk-.s matters 

a great deal. 31 a Star is observed to have an altitude of So 
then Its zenith distance: is lo* corresponding to 600 minutes 
of arc Our rule then shows tis that tlie ship is 600 nautical 
miles nwiiy Iffltsi the substebai' point of the star ot«ervtd. 
All otic bits to di.i is to convert the angle munm'd in degn^ 
into minutes by multiplying by 60 and the ivsuk is the dis- 


t 
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c 

Figure O 


tance in nautical miles from the substdlar point of the star 
observedr (FlgUK 6.) $0 l| we know that we are, say 600 

nautical miles from the sabstellur point of one star, and. 1200 
from the Buhsteilnr point uf another, all we should have to do 
111 fix the position uf nur ship is to draw two circles 00 the 
globe with the correct centres and radii and then we know 
Itaat we must be at one or other of the intersection5. Wc 
ifitiH need two separate observations uf stars to fix tlie 
positions of our ship. Even then there is of course an ambi¬ 
guity since the two circle* known as posiiittn etrclin 
intersect in two poitits, but in practice the two intersections- 
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will be fiij‘ apart—one may bt_* oa land oi in 3 cbiimtit ocean 
from the hrat—and the ’ quest Lr.ni q[ any real uncertainly 
does not arise, (Figure 7.) 

If wc know the location nt t he moment of observation -if 
the iub^tellor point of the star obierved, then this single 
observation tells us that U10 a,liip lies on n circle centred at 
the substeUnr point, and having a radius corresponding 
to the observed zenith distance of the star. The csLse of the 
pole star, or the true pok\ with which. we began, IS just an 
Gram pie of tills rule. The altitude of the pole i* equal to 
the latitude, I hat i.-, the zenith di^ianco i* f^o" — latitude], 



Figure 7 

The Stibstellar point oi the north celestial pole is the north 
pole of the earth. Hence pnsiitran circles for thi- pole star 
ate approKimntfJy parallels of latitude on the earth, mm>' 
these an? lines on which cute is Lit a i i*rtnm fixed dlfli.Lm.-e 
from, the north pole of the earth The particular pM 1-Sill el 
U the one which ijtves the correct v.-iEub of tHf r.ruitli distance. 

All this seems very simple, Alt one has to ha we lor navi¬ 
gation Is a sextant tn enable one to measure the EWiith ■ Ic-it.nu i- 
ol any star one chmsses, and then one has to linve S4im.fi way 
of knowing where the subs tel Li r pmnt ol this h\.ir \* at the 
moment of observation Naturally, but unfortunately, 
these jsubatellar points move as the earth rutates. Think of 
?i stir such ns for example the middle star of the handle of thi? 
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Hu he h, M tzar, wl iitll in Britain is fidtogct dt-.'n j overhead a I 
rnidnigbt oil a spring night, Tliis mean* that at this moment 
the aubsTdbj point of Mu\x f lies somewhere in Britain, But 
at a to ter or earner hour or in the middle of oil autumn night, 
Mizar may hi; down near the horizon SO that obviously Lhria 
theaubstcllar point of Mizar Usomewhere completely different. 
Clearly the matter is Brnnewhat mam complicated than 
we thought, and we cannot, as we might if the earth were 
not rotating., simply arm mirseJvts with a l*jok giving a 
table of the latitude and longitude 1 of the si!fistellar points ul 
ail stars. 

Locating the Stare 

in Qph'T to pursue this subject we must try tu introduce 
some order into our method of defining star positlOEB. We 
do this by meant of numbers, or rq^mb n .it es. or map refer¬ 
ence-*,—nail them what yon will—which oeM-mbls closely 
tlie similar numbers, latitude and longitude, which rinhne the 
location of a place on the surface of the earth. The topo¬ 
graphy of the sky is as com plicated as the topography of 
the surface dJ the earth. On the surface of the glebe we .heed 
something more general ami precise than this son of recipe 
" Go 500 mile-S south from the Azores, turn left , * . " and 
vo on, This sounds? ridiculous, but in fact, in the sky, amateurs 
are liable to speak in just this kind of way ; " You see that 

:mghi blue star up there: yea, wheev ['m pointing. Nnw 
i-oine down a yard 10 your right and you'll see a tiny little 
star r - . e " and so un, Obviously wo must have a bit more 
system than tots. 

1 mentioned the pluase " a yaj-J to your right IJ bevanse 
that is the kind of thing people say. It ia in fact, a meaning- 
lE-ssi phrase, because when they imagine a yardstick being held 
up to the sky to scnc as a mwaffire of distance between stare, 
jM,uplc do nut Kiy whether the yardstick js being held up 
at arm's length or at a distance of a hundred miles from the 
eye, A yard at these two distances will present an entirely 
different appearance. In defining positions of stare we do 
not spenk ol the rraJ distances between them: all the stars 
are indefinitely remote arid the real distances between them 
tremendous. VVhat we have to do is to revert to out picture 
-f a cctestLU sphere and to specify in which directions the 
stare appear. The celestial sphere, which represents the 
appezimxtct of the =iky with the eye of the observer at ihe 
centre, may tie thought of us being of any size we like. Bui 
nnarTrc such a spltcfi* drawn. and imaEm*? lines from vmir 
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■:ve at the centre of tile Sphere drawn to any Ew< StiU'S. I Ht-ib 
we cadi most conveniently aay how Ear apart the atars 
lO be by giving the angle mrjjsnrcd at the eye between the." 
4 1 erections to tlw given pair u| stars. I t will I;c 3 p ii we tfivc 
a Jqw f sampic angles to (in the ideas. From the zenith down 
tu the hurlzmi hi yd degrees. Tie angle spanned by the hand 
spread ant and held at arm's length n about 20 decrees Yh* 



Figure 6 

width of & huger at arm S kmgth i £ abou 11 d LH trea, A n inch t 
a distance of a hundred yards represents an angle of "lu- 
minute of arc. 

We Specify all the apparent separations between i-tarti bv 
the angle which the Sines to them make at the eye. Thu 
angle in the cast- pj the pointers of the Plough U about 5 
degrees. More usuidiy we wy that the ttHguk*r if-paratum 
between these twu stara is 5 degrees. Other sample separatum 
angles arc the following: the Great Sqnan? |n Fegatuo has 
a side of about 15 degrees [Figure & ib 1 h The separation 
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between Hie two stars, OwtOJ and FolluX, which arc the 
principal sLars Hi the curlstellat ian Gen uni, the twins, id abuul 
3 degfeeS. The PlotJgli is ubcmi 30 degree from the north 
pole of the heavens [Figure § (c) ) : tk Sou Litem Cross a boot 
the same distance from the South Foie of the heavens, 
[Figure a (4J j. 

The cu-ordinates corresponding to latitude- and longitude 
on the earth are measured on the sky in a v 1 ■ ry similar way, 
'["he angular distance of a star north or south of the celestial 
equator U caJled dettimatuw. is always derm red by the Greek 
letter deEta (&) and ts measured from &*hg to yo' 1 ., positive 
values north of the celestial equator, negative values south 
of it. 

rwttwftrtM 

Having got the idea uf declination, let us ice what we tan 
do with it_ First we must remember that the film]sea of the 
const eLlatlona do not change perceptibly K m that the decima¬ 
tion of a star b a number which is almost ftxed, There arc 
some obvious questions which we cati answer when once we 
have th-- s idea of 1 he declination of a star at our disposal. 
For instance., we know that, watch we uevor SO lung, in the 
latitude of BritonL wc slmll never SKf the boutkern Cross, 
while from South. Africa or Austral La we Shull Jievfei see 
Ursa Minor: which utai* then can wc see from which latitudes? 

Imagine ours?ivrs in the northern hemisphere at a moderate 
northerly latitude- we note the fuel Llm the stars rise in the 
east, reach their greatest altitude above the horizon whrm 
they are due south, and then decline to set in the WciU Clearly 
then, as far as btiug visible goes, a star is doing Its brat when 
it a due south* or as we say, on the mtttdian, The altitude 
of th^ pole is equal to the latitude of Lhc observer. Ninety 
degrees southward from this brings ua tu a point on the 
celestial equator w hich is (90 — tiegnwfi above the Korean. 
As lung as the star is less than — *p| south of the equator, s.e, 
if its south declination js less thai] qo & — ^, it will be visible 
from a place m uotik UuLude s, It will also be dear tliat iunw 
stars will stiiL be visible even when they are doing their worst, 
that is when they have swung round below the pale and are 
due north qf i be observer. These stars. wUi be visible on any 
dark dear night, and arc called tircump&iM stare. A star 
will be circUttipaiar as teen from north latitude ^ if ji is not so 
far from the north celestial pole that it gets, below the horizon 
even when it Is due north and below the pole. Now The alti¬ 
tude 1 of the pole is ^ so that a star will !*■ circumpolar if it 
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is north of declination 90^ — 9^ This is the xapne number ns 
the imi s derived in solving the problem of winch stare Are visible 
at alJ. 'There is dearly a compensations a oertnifl area of 
the sky south of south declination 90 3 — ? ia invisible. hut to 
make up fur that, an area of sky north of north dfdinntkiP 
go J — 9 as always visible, The stare w'hich li«* m dcdinjlmris 
intermediate between these rise and (Figure £,) 



Figure 9 

SJar {!) Fiiis nl F, a I T/; Slur i2| *'i fiVrwm^n^Tr. F n M: s 

iViPfA CikiftffJ Fuff; £.1 IF (Aj Cfffi/ii/l £j(i^.vr 

Wer could put exactly the same argument tor a place soiith 
o! the equator. For such a place the stars n^ar the north 
celestial pole (north of go" — Jtm/A latitude of observers apr 
invisible, but to make up for this, the Blare suutli csf dei hcre1.ii <n 
(go fl — south latitude of observer} are always visible and an 1 
circumpolar round the south celestial pole, We must 
that being circumpolar ur being visible 11 something which 
depends not only on the declination of the star hut im 
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the latitude of observation. Let us apply our mles fnr 
example in the case of a man who live# at the north poEe of 
the earth. 

Now y = 9o p „ l ienee alE star* south of the celestial equator 
axe invisible, since qo D — g = o. On Hie other hand, any 
star north of the equator is circumpoJar. Ar the* earth 
rotates the stars go around parallel to the horizon, and no 
star rises or sets, In fact, m we can see in several ways, 
every -star which is visible is circumpolar, and the intermediate 
zone of the sky '"nun prising the stare which rise and set 1ms 
shrunk to nothing. The same is true at the south pole of the 
earth. All the star& South oI the celestial equator arc circum¬ 
polar; all Ihe northern stars are invisible. 

For a man who lives on the equator ol the earth, the situation 
is entirely dido rent. Now the value of ^ is rero, so that, since 
declinations run only up to 90°, there arc no c. Lrcu nipnla r str, r?, 
and all the Stars rise and set. From the equator of the 
earth it is possible to see every star In the sky at some time 
nr other,, but none of the stars remains above the horizon all 
the time, II you Jike you can lay that from the poles of the 
earth yoq can see half the sky all the time: from the equator 
vuu can See all the skv for hall the time. At the poles the 
stars on the horizon j ust skim around it aa the earth rotates. 
A little further aotith those star* which rise and set da so 
at a very small angle to the; horizon. f>n the equator the 
stars go straight down and sot at right angles to the horizon, 

The Midnight Sun and the Polar Mfthl 

We shall deaJ in detail with Lhe sun later. For the present 
we may regard the mn as a stai which moves against Ihe back¬ 
ground of the nthrr stars and who.«w declination vunes from 
23I degree* north in the northern summer, to -3^ degrees 
south in the northern winter. By what has alreadv been ija-id, 
there mutt clearly be some parts of the earth for which the 
sun is a circumpolar ‘dar. When it has a decliuatian of 23^ 
ilpgxe^ north, it will tap circumpolar north of latitude 66 [ 
degrees. Thh is the latitude of the Arctic Circle- when the 
tun is at its farthest Worth it is circumpolar at all places north 
□f tJiis Latitude, thiil is. it is above the horizon throng limit 
the 24 hours and thus we have the phenomenon of the midnight 
sun. But at the same lime as Lhe midnight sun. is occurring 
in the north, the polar night reigns in the south, ^>Uth of the 
Antarctic circle at b&l degrees smith latitude, for OUT formula 
shows us that South of this latitude the sun is a star which 
is never visible. In the northern winter, when the sun Ii.lr 
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gone to south declination 23§ degrees* conditions arc wvpph?i,i- 
the north has the polar night tbs aotan'-tLc regions the: midnight 
sun. On two intermediate dnys of the year, in spring mid 
aufcuttld, Ihe aim baa zero declination ami he* on the * elestial 
equator. Then whatever the latitude of the observer, the 
*tin rises exactly in the ea&t and sets exactly in tbr^ west, 
remaining: above the horizon for exactly half r >f the j.j hour*. 

The Consideration of tK.' .xnglfi of rising and suiting ;l|■ plies 
equally well in the case of the &un. If the sun is visible at all, 
then ihe further north we gn the smaller is the angk to l tie 
horizon which the path of the rising or seating nun muki -; 
tn the far-north it takes a perceptible time lor thn &uri in pass 
below the horizon, a time still further lengthen*;*! by certain 
effects of the earth's atmosphere which wc? shall mrumlci: in 
Chapter V, Twilight may tlirrcfim- last fur a Jong time. 
On the other hand, near the Equatrir, the sun, like thi- utar? 
rises and sets perpendicular to the horizon* anti thus ■- 11 pit's 
the smallest possible time in the process Twilight in tin- 
tropics therefore lasts only a few minute*. The witll-krmwn 
abruptness of the rising and setting pf the sum m thp tropica 
l-h thus due U> the angle to the hnrazL?n at which it rises a It 1 -1 -i■ t ■ 

The Rotation of the Earth 

We have hung this argument on a navigational png, intn:!- 
ducirtg it as the method of finding the subatdlar points ul 
stars.. So far we have dealt only with decli [lalioii,. and, f r i ■ 11« 
what has gfine before* it should be clear that tbe suhaielJur 
point of a star in north declination 3 b in north Ifttitudi- ^— 
somewhere on this parallel of latitude the star is in tin- zenith, 
but the exact location k east and west* of the substdlar point 
changes as the earth rotates. 

To proceed further we must consider the question uf the rota 
tioti of the earth nr. what is the same thing, the appearance 
of the sky as tt rotates past the observer. One fundamimtnJ 
line on ttie observer's celestial sphere hjxa iin\idy bren jile-ei- 
tioned—the meridian- the line which, in the northern brini- 
sphere, extends south from the north celestial pale. through ihe 
zenith, down to the soEith point nf the horizon. In (hr 
southern hemisphere we regard t3ie meridian as extending 
front the south celestial pole, through the zenith nn.l up to 
Ihe north point of the horiion. As we have already Seen, a 
star will hart its greatest altitude when ft crosses the iiicridbtn 
For each and every observer, the sky looks like a sphere with 
the star position:? marked inside it, which rotates as a rigid 
bodv, the axis of rotation being parallel to that of ihe esinll 
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TIiiS axis is, therefore, tilled up at an angle corresponding to 
the latitude of the observer. 

Think of a peeled orange with the lines of the " divisions " 
nJ! running from One point at the bottom of the orange to a 
point at the top. We can think of the celestial sphere ns being 
marked out in this Way. the tup nnd bottom corresponding 
to the cokstiaJ poles, while the celestial equator is the extra 
line which would be made II we sliced tin? orange hi halve* 
the way gnpefmit are cut. 

if wc mark a point on onq particular “division " on the 
orange, and turn it on a knitting needle stabbed through thr 
fruit from pole to pole, then We tan always specify the position 
of the orange by saying how far round we have turned the 
selected division line. We measure the angle through which 
the orange has turned at one or other of the ixiks—thi- vatur 
will be the same—nor does it matter where on ow selected 
division we Slave made our mark, the value will always l li¬ 
the same. 

II tlun in imagination we draw a line up from any star to 
the north pole nf the heavens, this tine will make a cnrtnin 
angle at the ninth or south pules with the meridian id the 
observer. As the earth rotates from west to east, this angle, 
starting from zero when the star ia on the observer's tsn-ridhui, 
will! Increase steadily as the star moves west. The important 

int is that the angle increases uniformly—junt as the angle 



between the small hand of a -'kick and the n o'clock position 
increases uniformly—and at approximately the rale which 
would apply to a tine k graduated fpr twenty dour hours- 
one twenty -fourth of 36 o a , or 15 degrees, every hour, Thus 
a &Ur on the celestial eqLicit or [xero dechnatcoai ! which ts now 
on the meridian will nave moved a quarter of tbs wav round 
the sky alter six hours, and, since the equator and the horizon 
Intersect at the east and west points, it will, after this lapse 
of time, be just sorting due west on the horixon. The- move¬ 
ment of the circumpolar stnr^ If* more feadUv sm: d you 
watrh fur only hall an hour you will lie able to a perceptible 
shift in the position of either the Plough or the Southern Cross*. 

The angle formed a! tbi* north or south celestial polE by 
the meridian and Lhe line to any star vs called the Amu pwglf 
(FLA.) of that star ami it increases at approximately 15 degrees 
hour. (Figure io.J This idea is particularly important 



twrcatisn as may be dear alnsidy. the hour angle of a star does 
not aiter il the observer m transported iftstaptajieoii&ly op 
the surface uf the earth due north *>r south, It rfrpends nn 
the longitude of the observer and the particular star observed 
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but rmt on the latitude at the observer lhat it depends 
I in the Icrttsitudc of the observer Lh rosily or lul. Ir.it dearly, 
places further east will meet n star being earned fmm cast 
to west by the rotation of the sky. slider: tliat is, point i 
further east on the jurfaca at the earth *vt!J. at the same nimiient 
• >f time roiT-cspnnd to larger hour angles for any sfkctrd Rtai. 


Z 



Fjgure id 

2 PA it tkr Hum AMgUf oj Star A. 


In order tp set up A workable system ot star positions, we 
must have A startiliu point, or origin, just as vru du dll the 
surface of the earth. On the earth the origin of our system 
at latitude and longitude k the point In latitude xem (On the 
equator) and in longitude zero (on the meridian of friretmtebi 
If] the sattui way we have a fundamental point on the sky 
which mnj-ks the origin df OLir system of map references for 
stars. It is a pah\i on the e^l^rial pqn&tnr udiii h is variously 
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edited the First Pm ni of A fits, or the V#rfml Equinox. The 
way La which it fs defined and the Tca&on for gi.vmg it these 
names will appear Inter, For the moment it i a jn^t an arhl- 
tT *TY point on the sky from which We start nur system of 
reckoning, We have already defined and dtscu^cd declina¬ 
tion which corresjHMid* to latitude on the earth. Now we 



(0 te'-iUrm -ni th* EdHA • p*mtw\m nq ih& Cental 

Sphi'tr ; h'ij) Ffrl aiwn bvtit'rrn R.A. and SAf.j . 

must discU hs the system of reckoning corresponding to longi¬ 
tude fFigure lid 

Right Ascension and Siduroui Hour Angle 

Them are two methods of doing this: one the method of 
the professional astronomer, the other a variant introduced 
by Ihe needs of astronavigalkm for Edrcraft during the war 
The Second Ji perhaps thr- simplest tu understand. In H.-- 
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system wi' reckon I.lie position of a star by it* " longitude 11 
mund the celesital equator reckoned westwards from titr nnt 
point rif Ar*e=i In degrees. "Oils angle is called the hulereal 
Hour angle (S.l-LA..) of the star and runs from o'* Sr? pm . 

The astroiidtndn reckon in the revrree direction from ihv lin>t 
point of Aries and do so in terms of hours, minutes and ihm muli 
of time* reckoning 15 degier* per hum-. Thus l star with * 
sidereal hour angle of 60 degrees is 60^ west id the first point oj 
Ancs. If nne starts reckoning round in the 4ip|Mnriir direct i rift 
one him to go iod degrees {3 fro* minus ho 4 ) tu i4- j t En the star, 
and, ^inverting this to huura at the rate o[ t 5 >l« !;ri , '-s to the 
hour, one gets jo hours. The attrouamer then says that lIih 
star has a /ihgAf sJs&uufon (R.A.J of jo huiin,. 

F.arh gyMem has its own ad vintages.. The SIIA tpll + us 
liow far ahead of the first point of Arira any Mar m, Thu a 
the star with au SIIA of 60 degrees is 60 d-agreea ahead ul thn 
First Point of Aries, and If thn hnur angEc of Ariwt is, say, 
degrees, then the hour angle of the given star will l«- nn 
plus 40 - too degrees, The calculation of the position of 
a Mar is thus very straight forward. On the other I mud 

the HEL-me calculation in professional terms is that thu hour 
angle of the First Point of Adas is 3 hours anti 40 mimifi-> 
i( eonve rtiJ l g 40 degrees Into time measure^ The E^igbt A.*u 1 11 
■^jou of the Mat IS JO hour-:, ml id subtracting the Right A-remnm 
Ernm thn: hour angle we obtain rntnuJ* 17 houre jo minute?!. 
We may always add nr subtract a multiple of 24 hours or 111 
\6o degrees from such a result 30 as to make it primitive and 
less than hours (360 degree3}. The reason for Ihi- MimiM 
he clear if one rellects that hour angles of 30 hnnru ur minus 
18 hours fnra star of a given declination define the sarue point 
in sf v skv for that star as an bout angle of h hours this 
value is obtained hv subtracting 24 hours from the first 1 , 11J1. 
and adding 14 hours to the second, an example which illustrates 
the (juultd rule, 

Applying this in the present cass (adding 24 hours) we 
arrive at an hour angle of fi hours 40 fannutes, which ls the 
Kiinf as 100 rtegiwH converted into time measure at tbe rate 
of 15 decrees per hour. We can write the general result .la. 

Hont Angle [TLA.} of star = H.A, Aries -f- S.tl A. star 
or = H A, An^ft — K.A. star. 


Sidereal Time 

At any place, the hour angle of the First Point of Arii-s is 
railed the focal sidmat (iw, ind the hour angle of the First 
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i'"mt o|! Aries at Greenwich IS Called die Graenwiek Siditfai 
‘ tme. Greenwich Sidereal Time 13 not the time shown bv 
AB ordinary dock, but in bunks like Oil’ Xmvhul Almanac 
.ind the A if Aim,} nai> the Greenwich Sidereal Time is tabulated 
(t f fhy mmient of ordinary time. The particular advantage 
..f the Right Ascension system hi that each object comes on 
to the meridian uf a place when the local sidereal time there 
ls fquA] to the K,A. mi the object. 



Now we are ill a position to see how all this apparatus is 
ust-d to fi* the position cji the sky of any star at anv time 
]' lrT ’t lc * us suppose that one is at Greenwich. At the (riven 
i’ULe one looks up the Greenwich Hour Angle or the First 
I omt uf Anes, that is the Greenwich Sidereal Time. Then 
*f* h 3 9 k * "P in ^ W>fe of star positions the R.A. or SHA uf 
the selected star. This, combined with the* given value of 
the Greenwich Sidereal Time gives the Greenwich Hour 
AD * le of the selected star. We ran then draw a diagram 01 
rmkc a model of th-e cdratia] s^herr; oTi which we can mark in 
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exactly when the ^elected stir will appear at the given time 
s& seen from Greenwich, But, in navigation, oru- wants Tm 
move about the globe and to have methods of kimwim: the 
position of a star as seen from any place at any time. I low 
then Is the local hour angle of a give!! fttar related to the Green¬ 
wich Hour Angle of the same si-iir at the same moment ? 

We can see this best by drawing a picture showing Die mirth 
pole of th* earth, '-Figure ri.) Clearly ti nrir in in a i main 
longitude, say, 30 degrees west of Greenwich the hour angle 
of any star will be jo degrees less than it is at tlw aarnc moment 
at Greenwich, We can therefore write down the tiuuph’ fill 
mula fur the local hour angle of any star as seen -it any time 
from any longitude: 

Local hour angle of Star ™ Greenwich hour angle (G.H.A. 

of star — west longitude. 

or, by what lias already been said 

l.ucal hour angle of star = Greenwich hour anj-I s ‘ ' r 1 u M 

Foint of Aries + 

&HA of star — longitude of 
observer 

□r. Local HA. Star = G H.A Aries — R.A. Star W l ong, 
of observer* In doing such calculations eut longittldtH .- oimt 
negative and must be added. The answer must uL*i lie 
between o p alld Jfio* (d* and £4^ and if it dijes tied. lint lid ill 
or subtracts multiples of 360* i24 s J to mskw it dn so. 

We nnW give sonic examples of this type of ■-d ttUtioit. 
The two given contain most of the essentials of tin-; Lv|»- *d 
problem. When you have ran through the ivL ■!• ol this 
chapter cn-ar back and study them. Note that. ;UlhcnF^h 
^tari always go wt^stwank, tills direction is Hir p.igc 

m Figure 15 [a northern celestial sphere with the north coles- 
tiaJ pule at the tup), and ml 0/ the page in Figure 16 U m iLttlirtm 
retertial sphere with the south polo at the top), * My pr.u 1 ire 
can give mastery of problems of this kind and y m should 
try propounding and solving others for yunnelf tins 

data given in tlie appendices, 

Examples 

U) The dediuatbfia of SpEca ami Vega arc re^wttiwly 
10® 54' south and 3s 0 45' north. From what latitudes a 11 e 
they visible as stars which rise and set and in wind latiludi* 
are they circumpolar? 

Imagine an, observer to be in north latitude 9 l hen when 
Spica is on the meridian, due south, it will be to 4, 54' Iwltm 
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Figure i a 


I he south point of the celestial equator, f Figure pj r ) The 
altitude ml the latter point 13 90" — 9., 30 that at this moment 
l he altitude of Spiea is go 1 " - 9 — io° ^4- , 79^6' — q, if 

iIlm is positive Spica will be above the horimn i.c. if ? is less 



lhan 79" 6 # < Spica wilt Ihua be visible either an a gtar which 
n-.i'S and seta nr as .1 circumpolar star at all latitudes South 
■-f 7Q d 6 r north. To find in what latitude Spica will be tir- 
1 umpolar we draw a celestial sphere [Figure 14:1 for an bbservt-r 
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in a southed v latitude 9 \ Spica but-ek cm tin- Jiiur l .M and 

is djcumpr.iJai if M is above ihe horizon, 'll Hi i* ..■* il 

tmclc MOH (- to" 54'J is greater than W* - V \ -■ >( t r ^ 
gmtter tliiin yo a - to" 54' = 79“ 6', Spicu to thus < in mn- 
polar for observers south af south latitude jh & ■ 

Fur Veca the results are: Vega is visible north win 
latitude 90* - 3S 0 4 ^' “ 5 * a > 5 ' and L 

of north latitude 5I H 15". In most paiUi of M*|hn..l Vf^a 
is just above the horizon when due north iimimi'MlIi Mir pole 
as it is Oil winter nights. 



Figure 15 


(3) If tine Greenwich Hour Angle of the Viirlini FquiiuA 
is jh draw diagrams to show the positions of (ii Siiius as 
from Istanbul and [ii) thu Southern Cross as seen iTorn Sydney 
at tlds moment, 

Strius: RJL 6tl 43m: dtHjin&lion - 16 yV and 

a Crucis: K.A. iah 34m: declination 6^ 40' 

Istanbul: Longitude *9 & E Latitude 41 J N 
Sydney: Longitude 151 °E Utiturt* y4*S 

m Draw S celestial sphm- with the north polo at an altitude 
of 41" corresponding to tin- latitude of Istanbul. (Figure 13.) 
The G.H.A. of the Vernal Eq nines*: is 3b, correspond]no* to 
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45 '• Istanbul Is 2i> 9 rast of Green with Thrnefore the Istan¬ 
bul linur angle of the Vernal Equinox k 

3 Q* + 45 r = 74*. 

The Venial Equinox is thus 7.1 wtsl of the meridiem. 

Sirius ia 61 l 4Jin past of the- Vernal Equim^, In Angular 
EtlcAsuil? 

6h -= u o" and 43m =* 10" 43' 
i,i', Striia is loo |^’ p eas-L of the Vernal Equinox or 
too 4574^ = 16* 43' taxi of the meridian.. 



Mark this angle on the diagram and put in Sirius i6 c jy J 
^ouiti oi the equator. The angle -6° 45' b eh 47m of time. 
1 e. in Istanbul Siring is eaat of the meridian by 1I1 47m and 
3-. about 3Q U above thn horizon. 

fill l>raw a celestial sphere with the south celestial pole at an 
altitude of 34 3 cum-spuuding to the south Latitude of Sydney 
1 Figure 16,} The Greenwich hour angle of the Vernal Equinox 
LV 45° and Sydney is 15i c east of Greenwich, Therefore the 
^vdiicy Hour Angle Of the Verna J Fjgultimt is i^i rt 4- 43* — 
igfi* iSo D -r iG n . a Cruris ithe brightest star in the 
Southern Crass) is 12b 24m east of the Vernal Equinox or in 
angular measure ifl6 n east,. he, a Crucis is iS6 a - n*^ . 
io° t-ast of the meridian. The Southern Cross is thus 
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4. !Q t writ of the meridian. Mark this *ngto at the pok and 
put in the Southern Cross 6^ 49 r south of the equator. I he 
Southern Cross is therefore almost Jut South and at an 
altitude of about 60™. 

Sidereal Time sutd Solar Time 

The Greenwich Hour Angle ol thp Firat Point nl Am* is 
tabulated in the Nautical Alma »ac or the -d it Almanac. 
Thesa tables ere calculated in advance, and * sketch <ii the 
methods nvd is uf interest to m. This ml) make clear the 
usage which mav seem somewhat odd r of calling the Green ¬ 
wich Hour Angle of the First Point uf Arie* the Greenwich 
SidwaJ Time.' What is- the meaning ol the phrase Sidereal 
Time? Sidereal means pertaining to stats: wliy should 
a tar time be diiTcrcnt from ordinary time? 

The stars arc infinitely distant as compared with terrestrial 
distances, and even when the earth ihdv^ rniuitl the sun to 
occupy, alter six months, a position, in space which has changed 
by nearly two hundred million miles, the apparent positions 
of Ihe Stars will change only by amounts lar tw small t n he 
cnnsEdcrcd here. Such changes do riccur but they ure detect 
able only by tho use of the most refined technical methods. 

For all purposes then, the myaUfli of ih« stars forms 4 Used 
reference system. As we rotate on our twrefllriaJ mtmdabout, 
we cun tel! when we have completed a turn by noticing whm 
we pass a particular fixed object. Thus, by noting the snttr- 
vpj between the parage of a star fcoufifi our mn rid inn cm two 
successive nights we can tell how long it tikes tlw eurth to 
rotate once on its axis. II we perform this experiment we 
shall find that them is. an interval of 23 finur* and 56 minutes 
by the time shown on an ordinary clock between the membra 
passages of a star on two successive uaighta. This time inttirval 
of m Lours ‘ifi minutes ol ordinary time Is cabed a sidereal 
dav, and is the true time occupied by tho earth i“ ma kmu 
one revolution on its axis, 1 he sidereal dav is divided mtu 
24 sidereal hours, each of these into fw> minute 1 Ml Mdwea 
time, and each of these again into 60 seconds of sidereal 
tins?. In one gideneaJ hour the earth turns one twent% j 
fourth part of a revolution, Of through 15 degrees. kaj-llrf 
on, we a poke of the earth turning about 15 degrees per hour. 
> T uw we can make this statement precise. It turns through 
15 degrees and the hour angles of all stars Incrvas!" 1 1 V 1 '■ 
degrees. In one sutenal hour- The use of tide appruximjUmn 
ure because of the difienutce between ordinary time nn-d 
sidereal time. 
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riie for ibis difference is tliat the earth is not only 

relating on its asis r but is Jdao moving m an orbit round the 
*un. taking about 365 f days to make a complete circuit 
'** umtaWKHl the Hleet of this, make n model* Put u Jimp 
mu the ftafrr arsd round It sinews y a hiding directly towards 
ibe lamp, l lue lamp, reptesj-ntin^ the sun,. remains always 
Hjtj the meridian ft*presented by the direednn of vour nose). 
I be used systpm of stars is represented by the object* in the 
1 ;®®r tJl? circuit is complete you wih find rhM although 

tile sun r ‘ has not moved in your skv p you have faced every 
|3.-irt of the room in turn. The sun has been irk fmnt of every 
|fcart of the room in turn. You \wv# made one Intn as judged 



Figure t7 


l?y the tinted objects in thr room, Now, it you can, wait* 
ruuud the tump frcvEree turns all the LLmcj making jGj turns 
past the lamp—that is, you must make the lamp sweep past 
your ciosc 365 times. If after tins performance von are aiiil 
I ipable of counting, yon Will discover that you i^ve still 
made one extra turn as judgr-d by the fixed objects in the 
rcM>rr ^ J litre i* always this deference of one turn for each 
ciimplctH circuit in the case of a body rotating on its axis 
and siimuEtaneously describing a circuit round a fi^-rj centre' 
This mean* that turn* as judged by the movement 

relative to the sun will correspond to 3G6I mms as judged Ik 
th? freed stars, A turn. rriative to the starts will take less 
time than a turn judged by the sues, the defect Mfim* -ta Of 
™ time required for one turn. One dav divided hy 353 13 







23 


TEACH VBU1SELF AST ROSOMV 


I ijist loss ti nnt i four mifiutifs til 1 ime, which is just Lhr difference 
between a sidereal day and an ordinary day. In Lhe course of 
a year, ail the four mmute periods will ju^t add up to one day. 

We can look at the matter from a different point of view. 
To imitate die a Lin you must make revn™ turns in your 
waltz so that you cut' turning on your a\id in the same direction 
a?t your turning about the central suts. If you ux the; «uth 
turn enough to bring a star back tin to the meridian you will 
fiml that, since you have also advanced n little round a curved 
rji ; bit„ you need to turn still a Httie 1 further in order to bring 
the sun back on to the meridian. This ext™ turn is through 
an angle tif about r degree, ami sin lc tbr earth rums 15 
ctegrees in the hour, this occupies a time.* of about lour minuteft. 

(Figure 17) 

Sidereal time is the more fuitdaraertsU idea, since the rate 
i-jf turning of the earth against the stars is vt-iV nlosHy Lini- 
hiini. But natural Ev since ft sidereal clock gains ou an ordin¬ 
ary clock, the two brands of time art] not in A rideieal 

clock gains rz hours on an ordinary chick in six; mouths, 
add is therefore useless lor ordinary day to day timekeeping 
We must regulate our affairs by the sun, arid therefore we need 
a different system of time reckoning which is 1 < ■ 1 on the 

pohiticui of the sun in the sky. We must get up in the morning 
round about sunrise and go to bed in the evening round about 
sunset. 

1 ’he Equation of Time 

It is fairly easy to convince oneself that the sun itm* 11 is 
not a particuEarly good standard timekeeper. Afl we know; 
the siiu will be at its greatest altitude wheel it b on the meridian, 
so that, by putting a piece of stick in the ground and Timing 
when the Shadow Ls shortest, we can find file moment at which 
the mn crosses thr meridian. Or we can &et up twn sticks 
L >r a sheet of hoard to mark true north ami south mu it mLim¬ 
netic north, which differs from trim north m m^t parts ..f tin- 
world}, and note the time when thf sun crimes tin* Mm M 
nue notes the time by an milmarv clock ai which Urn mih 
crosses the meridian our w ill s' -on find that there is < > I«1 -' " n - ■■ 
between what is calk'd apparent rtooli (the moment when the 
sun is tin tin- meridian und coon as shown by is di*'k f whi< li t* 
variable according to the seasutl of the year and which may 
amount to nearly twenty minutes of time at its greatest. 
The energetic roeker after astronomical knowledge can do 
this experiment, say T every Sunday for a year and make si 
graph of the results. The armchair scientist rail r .sm vines 
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himself of the result in an easier way. Ab we have already 
K*n, the _stini rises in the east and seta In the west due to the 
rotation nf the earth, and half-way between rising and setting 
k on the nmridian at its greatest altitude 

i^ook up the times of stinriae and Simiet ^iven in your pocket 
diary, and far each day End put the time haif-wkv between 
the two. Thus if the sun rises at Q.ro a.m. G.M.i\ (that is 
5 hour* minutes before noon) and seta -it, 6 hours 5 
minutes after noon, then haJf-uray between fh^ two times is 
vm 30& after Upon, which will represent msighty (hut only 
niLEghlyi the difference between sun time (what is called 
apparent solar time| and Greenwich Mean Time. This, 
difference is called the sqiuxtion 0/ rime from an old P and, 
nowadays almost paradoxical, use of the word equation, 
to mean something Which has to be added tomalie an equality! 

Now let consider how thts. difference comes about, and 
why the sun afsoff is & bad limn standard. In constructing 
aijr model we rcfnarkivi that as one moved round the central 
lamp, it tm me successively in front tsf various objects in the 
roonL In the same way, an the earth moves round the snn. 
the aim as scan, or would be seen il it were not so bright] 
against the background of different constellations during 
different seasons of the year, We can therefore think of the 
sun as a very bright star which moves against the background 
oE the other stars making st complete circuit of the sky in 
the con™ of a year. The apparent path of the sun against 
the background of the stars k called the tdipfw. 

Now the path of the earth amumi thr slui Ls not circular, but 
■n-al in shape, and the rate at whkh the earth move* in its 
<rrbit varies, being more rapid when the earth is near the sun 
(which, it is during winter in the northern hemispherei chan 
when the earth is more remote From the sun. Th» fact is a 
consequence ol the law of gravitation which gowms the mot i mi 
i if the earth in its orbit. Ttius the motion of the- atm. agaiii&t 
Lbe background of tin- stars n not uniform. As we have seen, 
the difference between the length of the ordinary day and the 
Hidereal day k due to the fact that each day we ti*ve t« wait 
.i little after the rarch lias completed a revolution as judged 
l>y the stars lo catch up with the sun, If the sun were losing 
on rhe stara at a uniform rate* this differenre would be constant, 
But m fact the suit is losing at a rate which is now greater 
lhan the average and now less. If we replaced the actual sun 
by a fictitious body moving round the elliptic in a year at a 
uniform rate, then the real snn would so met hues be ahead of 
the fictitious body, and sometimes behind 
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Them is a second utilise of the difference between solar time 
and Greenwich time. Tbe ecliptic is a path which is indinnd 
to the equator. This is ft consequence of the Lxct that the 
aids of the earth ra tilted- Instead pf being perpendicular Eo 
the plane pf the orbit of the earth around t ha sun the earth's 
axis is tilted at an angle pf about 23J degrees to Ups perpen¬ 
dicular, The axis points always to tin? same point in the 
heavens—the north celestial pole- su that at one time in the 
year the north end of the earth's axis is tilted m tow arris the 
sun * while six months later it is tilted away, (Figure ift.i 

If, therefore, we were to mark out against the nturs the track 
followed by the sun in the course of a year. We should find tbit 
it was a circle murid the sky tilted with respect lo tbe celestial 
equator. The celestial equator foiEiis the basis? of the standard 
system of reference on the skv. so that the point* on this circle 



Figure iS 


followed by the sun ilhe ecliptic) are at diffeml declinations. 
As the suii moves round the ecliptic its dedication changes 
praduatJy from + *3t degrees to — degrees, ami back 
again. We have already used this fact in the explanations of 
the midnight SUP- Now Wf! 5CC why it 15 that the sun's dec I in.1- 
tion b variable, being in the middle of the northem 

summer when the northern etui of the earth's axis is the une 
which is inclined towards the sun, and J3j“S in the middle nf 
the southern summer (northern winter), when it b the southern 
end of the axis of the earth which is nearer the sun. 

The phenomena of the seasons, the midnight sun, mid I he 
polar night are the result of this tilting of the earth's Eitin 
Although the distance pf the earth from the sun, its ^llirce *'l 
light and heat, does ware in tlic course of a year becftiw the 
orbit of the earth is oval and nut cirtular, the proportionate 
variation is smaJL The varying distance has little to do with 
the variation of temperature between summer and winter, this 
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being almost wholly due to the varmtinn, in the ap^reut height 
of the arm above the borixoa, and the varring number of day¬ 
light hours □ut of the twenty*four. 

The Mean Sun nnd Greetiwidb Mean Time 

Ule? cliftert'nce between solar time and mean time [ihe 
equation of ticne^ 15 due partly to the npn-uniform motion qi the 
sun In the ecliptic. It is also partly due to the inclination of 
the ecliptic. II the sun were moving uniformly along tin? 
ecliptic* then at the points where iu path crosses the celestial 
equator (the? equinoxes) whim it is moving at ati angle to the 



Figure 19 


ecliptic, the rate of increase of ths sun's light ascension would 
be less than the rate of movement of thu sim In its path. {Figure 
19 ,) Part of the rate ia, as it were, made ineffective because 
the sun 13 moving partly sideways to tile equator. But when 
[he sun is near the moist northerly and southerly parts of its 
path it is moving parallel to the equator and the full value of 
the daily increase of right ascension will be effective It will 
be clear tliat the time when the sun crosses the meridian each 
day depend* on its right asceiiaiun (or sidereal hour angle) so 
that an effective time-keeping body would be one whose right 
Li&cenaion increased at a perfectly uniform rate throughout the 

vear. For the two reasons outlined the rtaJ sun does riot do 

a* 
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this, Fur lime-keeping purposes the reo] *liii t$ therefore n ■ 
placed bv the mean Eun, a fictitkm& body which gfK* run [id the 
cquatur at a uniform rare adjusted so that the real huh and the 
mean sun each tike a year to make a circuit- Greenwich 
Mean Tima is th? Greenwich Hour Angle of the mean flun pm* 
I.J hours. The t- hoars is added so as to make the day start 

at midnight. _ t 

\Ve have sridden tally cleared Up several outstanding joints 
in the course of this argument. Thu vernal equinox (nr the 
Pint Point of Aries.i is one of the points of intmettion o\ the 
celestial equator with the ecliptic. When the sun i-< at this 
point it is on the equator, it therefore raw due east and sets 
d U e west, and is above the horizon exactly s J hour?. I>ay and 
night eltc equal; this day nerure in spring about March 22 or 
33 and the explanation of the noire M vmml equinox " 
j pertai n mg to spring; equal night) is dear. Right a&coiHJnp 
is measured from this point in the direction sm:Ji that the right 
tension til ihesun is always increasing In its movement against 
the star background. 

Three months; later, about June 22 err .13 the syn ih at its 
most northerly petition-, with a right ascension *d 6 huur* 4 ml 
a declination of is 3! ^rees This situation la called the 
summer solstice, and is the middle of the northern henusphvTe 
■ mniT iPr Three months later still the sun is crossing buck 
over the equator to the southern celestial hemisphere- 1 his 
is (hc^ autumnal equinox, wheu again, the sun being on the 
equator, day and itiglit arc equal. lastly ufo.'nt 1 NjcchilIh r 2 
or 2} the 6I1T1 is at its furthest south and the situation b c-alb'd 

the winter solstice. . , . 

Time-kocpiLig lh thus a more complex business than one 
might have thought* and even now we Lave merely referred 
very simply to the most important dements in the situation* 
To'summarise, these arc: uniform time id defined by the 
rotation of the earth, giving sidereal timf. 1 his being un¬ 
suitable for civil requirements, a Lime reckoning system based 
on the sun is required-. The sun itself b unsuitable toreaum, 
bv reason of its nnn-uniform motion ag.unst the stars., and the 
lUdinatmii of its |ialh, the moments of the pa^gr r.E tlm aim 
atiw the tueHdian of any place are not equally spaced The 
sun is therefore replaced by a fictitious body, the mean sum 
which crosses the meridian at uniform intervals. The Green - 
with Hour Angle of the Mean Sun (in time mc^un-! pin u 
hours, is < -railwich Mean Time, 11 diflers from the time bored 
OH the true sun bv an amount which varies tliruu^Juiiit the 
year which is trailed the equation of time, (Figure ao,) 
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FUNDAMENTALS 

l.ocul Tinier anti Zone Times. 

I'hig defiistii time a I Gttenowich but unt J'-ji miy other meridian 
°_ ri th . e Efface of the eanh. In fact, of course, Greenwich 
iiuie Li kept All over the British Isles which means that the 
ipf.ME>_-i]t time as shown by the position of the sun wiij be 
by the longitude For pbc*.-; eaat »r wist of Greet wich, 
lltJt It wcndd t* moat mconvi-sjler-t if eFUh town kept local 
tn^ai! time m the plan of keeping a. standard time thrr.j,ghoul 



7 U Equate*; Trwt The p&pk ih r ra/ir^ */ jpp mK } 
i tm? 'Jr.M' forir M/ vr.ii 

■L -nne of Lon^ude b adopted. lu iha British labg this zune 
um-- is Greenwich Mean Time. In the west of England and 
Watds, times of phenomena, such as sundae and sunset, will 
uli he late by a few’ minutes due to die change of longitude to 
tile west This 1 /rill affect tins armchair method of Ending the 
equation nf time mentirmed above and for a given place wnl! 
■ _Esif 1 tlL - whole graph nf Figure ao up or down by a hw minutes 
3" get the true values you must apply a correction corfes- 
P« hi 1 1 mg tu your Longitude difference from Greenwich converted 
llitn nm^ 
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Sundials and auneoinpaBses forma of titer tatter I require 

the equation of time and the longitude difference lo he taken 
into accotmt- 

in other countries time zones corresponding to a selected 
meridian pacing through the country nre adopted. 'Hie 
Atlantic Coast nf the U.5.A- keeps the time at the meridian 
75 decrees I .rmfjitu.de or 5 hours back from Greenwich. I he 
Union of South Africa keeps the time of the meridian 30 debtees 
E or -j hours fast on Greenwich -and m mh all over the world. 
Approximatc-l v at l£o degree* longitude is the international 
date line. Places west nf Greenwich keep time alow 00 Grecn- 
wich, the difference increasing the further west one gw*. until 
at 1 So degrees W the difference is 12 hours. Coins ^ast. eoti-j 
times get more and mote fast on Greenwich until at 1 degree^ 
E longitude the zone time is 12 honre fast, iflo degrees k 
and jftn degrees W repre^nt of course the -r-une muridi-UV and 
by convention in crossing this line mu- jumps ,1 wlv.li- day. 
gaining a day in one direc lion and losing it in the other. 

In dealing with problems in which zone time ib Involved the 
oimplcst pf oted are Ls first to convert the zone limp to Green* 
wiuh L For example a problem concerned with an observation 
made in W longitude 73 degrees at local time 10 am. H nrre*- 
ponding to zone 75 deETPC-s W) should he tack led by considering 
it as .1 proMoin ciiocerwed with Greenwich M<‘an Tims' ich -+■ 

5 Wc m!iv now came back to uur originaluavigntinnal problem, 
and see how it in solved. 'I he navigator wishes to knu w where 
the. substeltar potnl of a particular star may If. It will N now 
clear that he can, from the known GdVl 1 ■■£ his observation, 

find: the corresponding Greenwich Sidereal Time, 7 m sub- 
tellur point is in a latitude (north or south) equal to the north 
nr south dedination of the star. Its west longitude will be 
equal to the Greenwich Hour AtlgU- of the star which he can 
find from the R.A, Of the star* and the Greenwich birlereal 
Time for the moment cmscctned, By methods which canmit 
be discussed here, he can llien work out the position circle* 
coitps ponding to the obtervr-d altitudCj and. repeatijig thb for 
awjcond star, he is enabled to fix his position as the intersection 
of two position cirelei. 

The Calendar , .. 

We conclude this chapter with a few brief remarks fin the 
subject of calendars. We, in these days, are apt to think of a 
calendar as something bearing a picture of a pretty girl, winch 
the grocer simdimund to his custoTners at Christmas, retording 
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u scheme of dates which ate. somehow, lured from time 
jmcueriaijiial. We Hail to realise that catendars are invented 
[=md that our our present calendar is an ingenious compromise 
between a variety of almost irreconcilable astronomical facts 
mbced up with a great deal at history and tradition. 

Ln| ns ask ourselves w hy wt no<*1 a calendar, what conditions 
must It satisfy and how we would set about reestablishing a 
deodar nn the bases of our own otevtttbufl. Calendars 
are, fundamentally, based on the two facts that there axe 
certain Dbvnm.15 astronomical periodicities, and that for most 
purposes It is convenient to lump days into a series of blocks 
^suth m months pr years) rather than to adopt the course .,f 
numbering the day#in order, starting from some arbitrary date. 

7'hc moat obviuus astroncunical periodicity is the recurrence 
of the phiiws of the moon, :i period which is somewhat irregular 
but winch averages 29 ' 5 ¥& days. Most early calendars were 
baaed on this period, or on the nearest round number of \a 
days, and traces of this practice remain in oaf own month# 
which are all dose bo jo clays in length. 

Ihc average interval between successive pruisages of the 
sun through the vernal equina* fwhnt is called the tropical 
yprl is 365 24^ days. I he recurrence of the seasons lakes 
|ilaco ill this period. At this interval the sun reaches- its- 
greatest northerly declination. The time between sunrise and 
sunset la then tungest. (See Figure 9.) Spaced at the samts 

intervals, arc like moments when tho Sun has its gmatt- 5 t 
southerly declination, when the daylight huura in the northern 
hemisphere are shortest. While it is true that the recurrence 
of seasonal weather conditkjn& is lax less proEtutmeed and Jess 
t-aslly recognisable than the recurrence of lunar plmsea, it is 
important for agriculture to know in advance when [on the 
■iveiage) spring or autumn weather may be expected. This is 
must easily secured by fixing a definite date in advance. Now, 
if the length of the vear k wrongly estimated by the calendar 
in use. any error wIJI accumulate steadily, so that, in the end, 
^ich a calendar will lead to seriousJy ermneous predictions of 
the advent of seasonal weather conditions. As an example, 
tike the ca^- of the -Vlohaitifncdan Calendar which is entirely 
luEinr. Imving alternate months of 20 and 30 days, giving a mul 
year length of 354 days, in any given year the error nf ti± 
days may not be serious, but in twii years this will have become 
“i days, and sq cm, so that the lunar calendar very rapidly 
bills OUI of fitep with the solar (or Seasonal! calendar. This 
calendar is still in use, and. for example, the last month, 
Ramadan, circulates round the year <|uitc rapidly. 
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It 15 ttiftrefnrc essential for modern purposes to arrive at ft 
compromise, which preserves the useful division into tiumita, 
and which vll gives a cl use approximation tn the true length 
of the year. Attempts to secure this condition have been 
very r numerous, and we cannot go into details. An important 
mu- was the calendar adopted by Julius Caesar on the advice of 
Sosigenes, the Alexandrian KatzOftiBEfcer, J til ins Caesar added 
10 day's to the old Roman lunar year ot 353 days and introduced 
a Jaap year (in which February had 29 days) --very fourth year, 
After many Vidsaitudes and mkiotorpTeUtiani tlin calendar 
was stabilised in a,d. ^5 so as to follow tilts rule, which gives 
a year length nf 3,65*23 day 4 . In this period l tilt beginning nf 
the year was fixed March ^5t"hi^ to coincide with tin- l- cant of 
tile Annunciation and, approximatdy. with the Vernal 
Equinox. Thus, in this system, now known as “ Old Style ' , 
the dates, |faith 1st 1000 a.d, and April 1st loui a.v. wme 
separated by only om month. 

This, the Julian calendar, gives a year length of 305-35 days, 
whereas the required true length is 305-J422 days. I he annual 
difference of O-OO^S days will, m a century*, accumulate to mare 
than three-quarters of a day, or exactly, one day tn irS vim. 
After this Laleildav had hocii in use for a thousand yeain, the 
error had accumulated to serious proportions, and, in 
Pope Gregory reformed the calendar so an to eliminate this 
error, This was don c by omitting several days in th* ret: ki ming 
so that the day following October 4th 1582 was October 15th 
15^2, This jump was. slightly tnrgc-r than necessary, and was 
made cm astronomical advice* in oedtir to adjust the date of the 
vernal equinox. To prevent a recurrence of the error, fin 
device was adopted of dropping leap years in century years, 
except when the fiiFt two figures wnn» also divisible by lour 
This system, the Gregorian calendar, is that which we ma today. 
the year 1900 was not a tap \ r nar, hut -2000 a.ii, will b* 1 - Elir 
result is tci"reduce the length of a century by cv 75 days, instead 
of tb,-- 0-7B required, hut the residual error is ho ^mall that it 
will not accumulate to s&rimjs proportions for many centuries 

England adopted the Gregorian calendar m 1752 by which 
time the error hud accumulated to 11 days. September Jud 
1753 was followed by September 14th 1752, and at the same 
time the date af the beginning of the year was changed to 
January^ 1st. At the time, mvts, with the cry Give Ub> back 
rmr eleven day*" broke out. The principal modern relic nf 
th.s, situation is provided by the fact that die BritisPi financial 
year end* on April 5th, which 13 Old New Year's Day (March 
j^th'i displaced by the eleven day* change of 175®- 
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T\wrc ta wme Opinion in favour at further calendar refm-m 
** 115 10 th "? day of a given date on to a fixed day of the 

week. TliLs would re nder it unnecessary to print new intend are 
f'»r each year, and would be anhinved by the uk of a. Year Day 
evtiY year, and a Leap Day every fourth year, neither of which 
tVOiald be given the name of a vveekeiav. 
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WHAT'S IN THE SKY? 

We now have a system of map references ( Right Ascension 
and declination} for defining the position of any star; _ givaii 
these number^ we can estimate roughly Hie position In the 
Rkv nf the star to which they correspond as seen at .my time 
from any part of the earth. ' But 30 far nur sky La tike anew 
sheet of graph paper or a blank map. It is ruled with lines 
of declination and right ascension hat it has no stars on it. 

Star Magnitudes 

Astronomers use a system, ceiled the magnitude sybiem, 
to describe the brightness of variireti stars as they appear to 
uB a The system owes ils origin to two facts, one historic n), 
one physiological. In ancient times the r^tinnnmer Hippar¬ 
chus, wishing to describe the brightness of stars, arranged 
them in order. In this hierarchy of splendour the brightest 
hi art were said to tie of the first magnitude [hen came a 
group Of prominent, but ]tSS bright stnr^, described as being 
of the second magnitude. Third magnitude stats are rowdily 
visible to the unaided eye, but an: usually the less pformnent 
oar* of each conL&tellalion. Fourtii and fifth magnitude 
stars are fainter still, and sixth magnitude stais are those 
which ate just viable to the naked rye. There are. of course, 
fainter stars which can be seen with the aid of telescopes, 
The totel number of ^turs viable to the naked eye hi I he 
whole sky in somewhat less than five thousand, a "-urpiLBingiy 
small number. 

In tliis way of specifying the brightness of a sta* the larger 
magnitude numiMTTn correspond to fainter stars. It ii not. a. 
very precise syFvtom, because it group* together in each class, 
stars having a range of brightn-ras. In fact, the human evi¬ 
ls quite capable, with ircunin K , of distinguishing ten step# of 
brightness between each of tlifi magnitude classes In the 
nineteenth Century it became necessary tn replace the crude? 
^.yatem of Hipparchus by something a good deal mom precis*. 
When precise measurement became possible it was found that 
tiie sixth magnitude stars were almost exactly one hundred 
times its faint as the first magnitude stars, and that each 
step of one magnitude corresponded to a constant ratio of 
brightness. 
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W'hsrt this comes to is this: if the eye is presented with two 
series of Lamps, of candlcpowcra, one, two, three, lour, etc. r 
all at the same distance, anil a second Series, uf Caudlepowers, 
uji-c, two, font, eight, etc., Lhfcfl it is the second series, not the 
first, which will appear to form a uniform graduation of bright¬ 
ness. In the first series each Lamp is brighter than the next 
by a constant difference, 3 n the second, each lamp is brighter 
than the previous one in a constant ratio (two), Thin property 
of the eye makes it possible for us to appreciate very great 
ranc ph of ithiminatinn at cintr glance. There Li, in addition, 
an auto Ena tic adaptation of the eye to tile general level of 
Illumination which prevails, so that, for example, bright 
moonlight seems as bright as day. even though the intensity 
is several hundred thousand times smaller than that of sun¬ 
light. But within each picture., whether by day, by moonlight, 
or by starlight, wc can appreciate a tremendous nmge of 
LirightiiEJSs. Just suppose for example that wc count one 
star a b tnricap; of brightness 3 0 and an other erne as being of 
brightness 20. Then since our eyes respond to equal ratios 
of brightness, ten steps of thia kind [doublings) will carry 
its through the range represented by to, ao, ^o, So, and so 
on up to 10,240, If on the. other band we saw the bright- 
nessejs io r co, ;\u m 40,. etc., us equal sEeps, tun such steps would 
take us only to a brightness of 3 io. Wc thus appreciate a 
tremendous brightness range and, in addition, we find it 
just as easy to appreciate a ten per cent variation uf bright¬ 
ness in. a faint star as in a bright one. If our eyes responded 
to equal absolute changes, a ten per cent variation m a bright 
light would seem tremendous, whereas a ten per cent change 
ir a fain t light would not be detectable. 

Thus when Hipparchus's system came to be refined, and 
when it was found that a sixth magnitude star was one 
hundred times aa faint m a first magnitude star the inter¬ 
mediate steps to be inserted had to be such that each change 
of one magnitude corresponded to the same brightness ratio. 
Mar value -chosen for tills ratio was z^Ji because a^la 
EnulLiplicd by itself four times Lt. (2 *51 a) 1 equals one hundred. 

To fix the system completely it is only nmwwuy to define 
the magnitude of one standard star, or'better still lo fouaid 
the system on a group of stars of accurate! v-known bright - 
cesses. The bright star Vega has a magnitude near seia. 

J r it were exactly zei 1 then a star with a magnitude ] <o (notice 
that the System allows US to Specify intermediate brightness 
by dccimala uf magnitudes) would be cine whose brightness 
was 1/2 *5 13 = o a 4 times that uf Vega. A Mar of magnitude 
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2 a o would be of brightness (i/a+^ia} 1 or cmi 6 times that of 
Vega. The exact mathematical rule is that, L, Hie Luminosity 
of a star,, i.* related to the magnitude number m assigned lo 
it, by th* formula 

L is proportional to 

or m = constant — 2-5 log L. 

Incidentally* if ymi are used to logarithms,, don't fur gel that 
tbo usual practice in writing down the logarithm of a fraction 
h% to use the bar notation. For example lug 0-5 -* 1 -6990, 
but in working oat a sum like the one above il is best tf> avoid 
this nutation and to write it out as 1 + o-Ggqo = — n-joio. 
If you do not do this you will get into trouble when you come 
to multiply by 2-5. 

This slight digression into inathemLitu, i is nut essential. 
All one has to remember is that a llULguit ude is a number 
ddmiug brightness: that the Eero of the scale is arbitrarily 
selected; that larger numbers correspond to fainter stars: 
that first magnitude stars otg the few brightest in the sky, 
and that .stars of magnitude fra ant just visible tin the naked 
*rye. Further that a difference of 5 magnitudes in elic bright- 
nugjd of two stars corresponds lo a. ratio of brightness of 1 00 
to i, (Pat m = 5 in the formula and L becomes io" 1 or 
l/iod). It ta an illustration of the value of mathematical 
modes of expieisiou that the whole of the last paragraph is 
implied in the one formula we have given, 

Vega, which we hive token as approximately the mto 
paint of the magnitude system is not the brightest star in the 
sky. Stam blighter than Vega must have magnitude numbers, 
smaller than zero, Le, they must he assigned negative numbers.. 
The brightest slur in the sky is Sirius, which lias a magnitude 
of — i-jSj Le. it is 4-3 times as bright ox Vega- Canopus, the 
brightest star in the southern sky Isas a magnitude or - 0-36 
which make?* it a- 3 times brighter than Vega and half as bright 
a 3 Sirius, You con verify these ratios from the formula. 

Am we shall Tsee later the planets Venus and Jupiter, whusc 
brightness Ls triable with position relative to the sun and 
earth, are often brighter than Vega and go up to magnitude* 
4-3 and — -j-j respectively, 'Flic magnitude of the full 
moon is about — Ei-5 or loq.ooo times os bright as Vega. 
The magnitude of the sun k£ — 16-7 or 48,000 milium times 
the brightness of Vega. Among miscellaneous facts which 
are of same interest are the following: a standard candle 
is as faint as a first magnitude star when it Is at a distance 
of half a mile An electric lamp of to candle power a minced 
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r.mly to the sixth magnitude, i.e, ss just viirible r at a distance 
pf abmjt ao miles, if absnrptki-n tif light by the sir is uegfijeted. 
I hira i& a forcible comment on the necessity of keeping strict 
black-nut regulations during war lime. A change of niLe-teuth 
, a magnitude is roughly the same a ton per cent change 
iti the brightness of a star or a point nf light. If a iouiw of 
light is moved to twice its original distance it becomes i ^ 
magnitudes fainter. 

Constellations 

When one looks at the sky one sees a jumble cif stars 
which, however, Mem to sort themselves out into group* 
or constellations, The torm of each const etfatioo is merely 
a result of the accidental arnui^:mt?nt of st&m in space, and 
no fund amenta! significance. In ancient times, shep 
herds and others who were forced by their occupation to be 
nut Of doors at night, saw Ln thesfl haphazard groups the 
figures of gods and animals, and a folklore has grown up 
around tlic constellations, They have received, or have 
inspired, at any rate in the northern sky, the names of chaxac- 
tfTB of the cLasiksd legends- A large [vfopo ri mu of th c southern 
constellations was first named two centuries agri by thu.French 
iiatroiLomer I^rallle, then on an expedition tu thn Cape of Good 
Hope, It must be admitted that only the eye of faith can 5^ 
m ninny of the coiistrllailans the likeness of lbs object which 
they arc supposed to resemble. Thest 1 groups have been 
retained with relatively few inudifLCalions as the has La uf 
modern star npniEnckiture. 

The bemndirte ol the < ijnsielJatiotss have been fixed by 
m|evnational agreement. The ureas of thn various oDlisrl- 
laHiins dillcr widely, ranging fiGIU IretAwn yo and 100 square 
degrees for small cotiHtvl bilious such a,? f%ngitta p Equiucus, 
Ciuk and Scutum to very large constellations, sudi rts, fur 
example, Hydra, which straggles ov ^r ncarlv seven hours of 
Kight Ascension. 

3Tie bright utais in rjch ■.■onstc Uation are ruined, almost 
always in order uf decreasing brightness, by the letters at 
the Greek alphabet. Thus, the brightest *tar in the constella¬ 
tion the Lyre, £lt alpha Lyme, but it also has the name Vega- 
Quite a number of the brighter stars have special names, 
very often of Arabic origin, in addition to their specification 
by a Greek letter and a contttctkkiion name. The system 
is somewhat similar to specifying a nsan, either by Ills name, 
or (allowing one man to otic- house) by the number of hih 
house and the street in which i* stands. The Greek alphabet 
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suffices for most of the brighter stftra, but when these Statens 
arc used up, numbers may he assigned, I hus them is a 
famous Star. 61 Cygbi, a rclativEiy faint star in the consto] Eu- 
li'Jll CypiiSt the S-wan. which was tin- first star in the sky 
who*** distance was determined; in the Li^t few years it 
haa also been suggested that this star pnteva at tc&flt on* 
planet. 

Finally when these- numbers become mCiTtivcuiini1.t. laint 
stars below the limit Of visibility art often designated by the 
name of the star -catalogue in which they appear, plus the 
number in the list. Typical names are GnwbrMf^ Lalandi 
(the names of compilers of star Catalogues}, H,I>. [the name 
of a catalogue produced by Harvard College Observatory: 
the letters stand for Henry Draper j, C.P.D. (standing for 
Cape Fhotographie DuTehmusterung} and ho forlii. 

Stan which are uf variable brightness are denoted by 
capital fetters beyond K and the ccmstdhtibQ r=imi;, 
Examples are R Coronae Borealis, U Gem mom m, etc. When 
the variables in uconstdf&ton nre numerous enough to exhaust 
the alphabet, double capitals are used. 

In the appendix will be found a IL-dt of the pOttttbns. cott- 
atfrllaEkin names, and Arabic name* uf some uf l lie brighter 
stars in this sky; a list of constellations; and tile Greek 
alphabet. 

The Star maps divide the sky into six regions—the northern 
tap (50 degrees to yo degrees north declination); the southern 
cap (50 degrees to 00 degrres south decliiaatiou) ami four 
equatorial regions (declination* 3,0 degrees north to 30 degree* 
south) from oh to 6h. Gli to ixh t izh to jRh and rfth to J4I1 
right iwcengbn. 

The stars on thpun maps (Maps J, J, 4, 5) are on tin? meridian 
at midnight in the period* from the and of September to the 
end of December; the end uf December tu the end uf March . 
the end of March to the end of June; and the end of June to 
the end of September, respectively. 

The Northern Cap (Map 1«. 

No star in this group is visible south of 40 decrees south 
latitude. North uf tins para Lie I they bc^ift. to be visible as 
stars which rise and set. On the equator all stars uf ibis 
group are visible as stars w-hich rise and set. North of itm 
equator an increasing proportion, extending southwards from 
the north celestial pole, become circumpolar, until, by latitude 
-I0 degrees north, nil the stars of this group are circumpolar 

The most prominent constellations are Ursa Major, Ursa 
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Mir Dr nrstl CMakjpeiji. Less easily fec^timblis are Cani^O- 
pardu*. Ojpbrijg and Omiu. 

Ui^a Major* fThr Great Sear, The Plough, the Big Pipper, 
Charles' Wain, the mu&t easily recognisable cona-fcelliilbn 
in the sky, I yin ^ between fctb and i ^ fi FDA. and between declina¬ 
tions 50 degrees ta ^a- decrees nortli There are sewn principal 
aEiirs in the DnnKidladoii,, which is on the meridian at mid' 
night In March, arranged in the familiar shape shown in the 
rtiifcp. The two bright Slam a. I’Dubhe) and are a.lmc<5l 
exactly 3 decrees apart and the line joining them runs due 
north and south, painting to the pole star. Tbe cenlraJ star 
iil the " handle Mizar (Cj is double. having a- companion 
just distinguishable by tJn- naked eye. In quite 4 amal] 
telescope Mirar itself Is aiso seen to be a double star. 

Ursa Miwir. Polaris, the Pale Star, a Ursa Minoria, is 
r degree away from the l [Lie }»ok- one] w the beginning Lit a 
tine of four faint stara nf the fourth and fifth magnitudes 
li dding down to a rectangle of stars about 3 degrees by 5 dogrrea 
die bottom two of which, $ and y, are the next brightest 
titary in the const* I iiLuti. 

Cassiopeia, lying directly tui the other aide of the pole 
from Uma Major and Ursa Minor is at declination 60 degrees 
and lies between IDA, o hours mid 2 hours, The constellation 
:s ip the form of a letter W about 12 degrees from tip hi tip 
I’bifl is the- chair of Cassiopeia.. Cfphtus lies above and %n 
one adc nf Cassiopeia, The most famous star of this coDStel- 
Litjim ts Delta Cejihei^ a variable star. It varira with clock¬ 
work regularity, and is thu prototype of a whole series of 
variable stars, tin- Cepheid variables. Its. variability ha? 
been known since the i*th century face Chapter ¥]. Dror 
and Catmlopaulm are Jong straggling constellations without 
any very conspicuous form, Draco starts an the boundary 
of Cepheus and rum in a semicircle round the pale to end up 
a long tmJ between Ursa Major and Uraa Minor. Camtki- 
parduH lies mi the opposite side of the pole between Urbrt 
Mu I nr .ittd Cassiopeia. 

The Autumn Stars ioh-eh; (Map i). 

t he sun is at IDA. oh in March ;ntd heUcti these Slani are 
■:.ci the meridian nt midnight m the northern autumn, when 
Llie sun la opposite to theta in the sky. The path of the suU 
[tht ecliptic 1 Ls airnwri 43 a doited jinn passing through the 
\Vrmd Equinox (oh IDA., Declination zero]. 

This pan of the sky contains a number of very pram mem 

cpuraltation*. In the northern half are Perseus, Auriga, 
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Triangulum. Arte*. Taurus, Andromeda. Pisces, and the 
northern half or Orion . The southern half con tarns a. number 
i.if ]i-ss weU-defincd coostoTlatlons, including Lepu*, Cdumba, 
Caelum, Cetus, Fortum, most nf the long straggling con¬ 
stellation Eridanus, and the remainder of Griem. 

Petit yj at Dec. ues R.A. jh iaa cQnxtcUation consist- 

tng of n, curved line of four bright surra about 10 degree* long, 
r Li lining up towards the W of CaamoptiA. BofcWwfl tiie 
two cl instellalions lies a fnju/y patch, Shu famous double 
chaster in Perseus which, even m a. telescope of very moderate 
power is revealed as a star cluster containing many Lhousanda 
pf stars. 3 PotMi is the variable star, Algol, mentioned hi 
Chapter Y + /iurtf* Uea some twenty degree to the cast of 
Perseus. Auriga (the charioteer) is a cotutelLatkin whose 
four brightest stars form a -slightly irregular quadrilateral, 
with a fifth bright star 4 which actually belongs to Taunts, 
the? neighbouring constellation) forms rig a pentagon. The 
brightest of thut’U stars, Cape.Ha, is readily recognisable by its 
brilliance, its yellow colour, and by the fact that it is tfcanked 
by a triangle uf faint stare* Capelhi is one of the beet observed 
stara in the sky. in colour and temperature it is yrry similar 
to the sun, although intrinsically far brighter. The zitar h 
actually a very close doable star, ami the orbital Minium, 
vdvdtia and other clmracteristiLS oi the pair are well deter- 
I [3 L31 ud_ 

Below Auriga anrl Furwui coroes thn constellation Tniinr-. 
i-hft Bull- The principal star ts Al-debarnc!, red In Colour, 
lying at one vertex of a V of faint stars, a group known as 
the Hyades, Between Taurus and Perseus hr tin- gmup 
known as the Pleiades, about seven sure of the jrd—ith 
magnitudes bem^ vssible tn the naked eye. Othyr lamter 
atari can be glimpsed under good eOiktltfon* lb'" stars 
ace, as they appear to be, a group situated relatively dir44? lO 
each other irk apace, ninth as are the constituent stum of the 
Perseus duster. hut there is neither the ^ms dntiuLy nor 
rartg'n of hrigh tnrs* among the stum of the Pleiades. En son™ 
way* the FklaiJcs i:i a cJustnr very similar to tile -..luster 
including the constellation Urea Major which also [i>r«w a 
group of stars relatively close to each other in fl[W. How¬ 
ever the Urua Major cluster is nearer tn us. so l hat the associa¬ 
tion of the constituent stars is by no means as obvious a* It 
is In the case of tho Pleiades. The Pleiades stare nn?. as hm 
been proved by bug-exposure photographs, surrounded by 
clouds of tenuous gas. 

AndrumetL* in I hr same declination as Perseus, consists 
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■ if a lino of four bright stars leading up from the comer of 
tbp 11 Great ^qnar& rP of .Pfjajtuj (Set below], The comer 
star of the square is the second magnitude- star Alpheratz 

■ 4 Andromedac], wfcle the star at the further end of the line 
ie t Andrcunedae a beautiful double star with contrasting 
colours resolvable in a quite small telescope, To the wmt of 
v Andromeda* is a faint patch of luminosity, This ls the 
great nebula in Andromeda, the brightest and nearest of the 
so-called extragaloclie nebular?, and a structure simiJar in 
si jo to our Owes Milky Way* 

Triangulum lies beneath Andromeda, and further south, 
forming n_smaller obtuse-angled tna.ngJe is, Aries. South of 
thb lies {..ettis, the whale. kasily Use nutst striking cettttd- 
ttcui in litis quadrant is Orion, ?o degrees from north to south 
and 10 from east to w est p lying right oi5 the celestial equator. 
It is outlined hy an irregular quadrilateral of etan?. In the 
north, the brightest star in the constellation (a Oriooist is 
Itetelgense, bright red in colour. This star is relatively cool, 
and radiates most of its radiation not as visible light, but as 
light of slightly longer invisible radiation [infra-red radiation), 
ff we could see this radiilicm (and various instruments are 
available winch can detect it}, we should hnd this to be the 
brightest £itiir_ in the whole sky. By various methods it is 
possible to estimate th« true diameter in miles ul certain stars, 
iijjt- nl which t& Befcelgcuse. BetelgeuEe is so large that, were 
It located where the sun is, the orbit of the earth would be 
ms4dt\ The companion, star at the northern end of the quadri¬ 
lateral is tk-IJairiK, a blight blue star. At the centre, lying 
on the equator, is n line <jf three bright stars, the belt of 
urion, with, immediately below, a line of three fainter and 
fuzzier looking stars, forming the sword hanging down from 
t lie belt. Southern hemisphere readers will of Course wc 
this constellation upside down, with the sword pointing up¬ 
wards. The lm« Of tile belt, extended south-east, leads to 
Sinus, the brightest star in the sky {see below) while in the 
opposite direction the line leads to Aklebaxan, in T&Uftii, 
already mentioned. 

The more Westerly of thfi two lower stars of Orion’s quadri¬ 
lateral is blue and has the name Rfgol. The whole of the 
coD^tdliEion of Orion has shown to be surrounded 

hy a cloud of glowing gas. The densest pcirtions include the 
‘loud round the central "star" of the sword (0 Oriental, 
a structure usually called the Great Nebula in Orion, This 
irtaj is, ill quite small telescopies, sean tu be quadruplr:, 
(he four stiira- arc known as the Trapezium, Throughput 
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the Orion constellation there is a we&ltb ..if structure pimju^d 
hy r lontls of gas and of dirk dust intermingled with tbs 
stars. J lie scale of these structure* is enormous; the distance 
of the earth from the aun In quite 1 inHgntltemit in comparison- 
Photographs nf these structure, such as the Hone's fiend, 
are most impressive, but, like mfrtl astronomical photo^raplltfi 
reproduced m books, they show a far higher e. mi nest than 
appears to? tins eye MUtif thnauHii a triMCDpc- |,jri E- 

e-sposure photography With very font plates ll^- 1 * kw-nn nserl to 
increase the brightness of the fnint gas C-Lu 1 111h. and uften, 
special light filters and plates which pi*’ll "iLt the p.irl umlur 
colours in which the emitted light is most Intend have b™ 
used. Finally, it is almost always necessary m pr^utring 
prints lor publication artificially to incruaat the cuntra.it 
still further bv various devices cjI intensilic.atir.in. 

■the remaining constellations are less striking than those 
already described, anil it Ls hardly advisable to try m identify 
them when finding one's wav about the sky. The two 
myst prominent are Phoenix and Colnmha, 

The Winter CorasteUstlnn* (6h-izhp (Me? 3 b 

■j'hu must striking of these ar* Gumml lihr twine}, Iffl 
(the liunl. Cauis Minor, and Cun* Majur fthe I'^sef and this 
greater clou'i. Others in this region nit ■ MLriOl. Ciinc:r 
(the crab) Sextans (the sextant) pail of Hydra, Mom^e™ 

I the unit ore j fc part of Puppb, Pyxis. Antha. and Crater (the 
bowl). Tfott in the part of the sky Iving muchly south ol the 
ploughshare part of Ursa Major. The three prominent -am- 
fltellatigns, Gemini, Cants Minor and Cattis Major tic uU a iLTm 
roughly north and i=Hrmth. Gemini, in north deduction 30 do- 
grees is next to Auriga. Its two brightest Stars are Castor and 
Pollux just five decrees apart, Castor the northern b 

^ GcininDTuni and fainter than Pollux. [1 Gemin«jri*Ul*_ Thir¬ 
ty a CO-W where alpha of a constellation Is not tho brightest 
^tar in it- Castor, is a yellow star and in a telescope as seen 
:M doit Ice I auM P 4 finer just over iu degree - nitli «-f Gemini 
;iEso has a prominent pair of stars very similar La separation 
and on an almost parallel line to- Castor and Pollux. Cpnliwlnti 
Iwtrocti thfi two -cotisteUationJs is unlikely. In Cauin Mmni 
the more northerly star U a good deal fainter than the more 
■ruutherlv (Pmcvniil as against the more nearly equal bright¬ 
ness , : ,f Castor arid Pollux. Ef we continue south along tin- 
fine from Castor to Pollux for about 10 degrees wo come 
to the two fittriv faint stas s and f Cancri. Slightly h> the 
west of this pair wc find a fuzzy patch This ia another 
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tiuitnr ul Stars, PTaasepe [the beehive) [I Eh sight in a small 
E'-li-T ope. Large numbprs of faint stars from the 7th to the 
Oth magnitude are to be seen. 

I Jit! 1 Tightest star in Canes Afajot is $irius F to he located 
^"in the bdt of Orion as already described, Sirius is the 
brightest star in the sk>\ and of a blue colour; the twin id in g 
I n i HiluCud by irregular ajr currents in the earth's atmosphere 
1‘i.iy ouue it tQ seism to Qftfih a variety of colours, All stars 
I ivmkte more ur k-Ss, according to the atmospheric conditions 
' A 11 " li [-revail. Tile edvete of variations of brightness and 
. nlaurwt sunali ghiJta of position are produced entirely by the 
' ih h atmosphere and Imve nothing to do with the 'stars 
themselves. The effects, present for all stars, arcs merely 
Miiore ttwily seen m the case of a very bright star such m 
Sirius, 

Sirius, the M dog star " is bright enough to be seen even when 
1 Iiisl- to thfi sun. The sun passes Sirius in its passage round 
! I"* ecliptic early in J uiy. in the heat of summer in the northern 
Jwmisptkene, These are the dug days, of reputed hot weather, 
un! are so called because xhe doiittulUtfem Cants Major w 
Lhvu seen near tile sun. The oame has nothing to do with the 
I ilea that the weather becomes &l> hot that dogs go mail 
I he sun and Sirius rise simultaneously early in Julv, theexpcc- 
u-d date of arrival in lower Egypt uf thc~Nj]e floor! nn which 
tin- whole Jiff of the country depend*. The necessity of 
accurately predicting this date was one reason for the early 
development of astronomy in Ancient Egypt. 

Although Sirius is the brightest star in the bky and has 
U.!n well observed since Mtronomy started, it was not untij 
that it was discovered that it Consists of a pair of itara, 
[l]Ui:t fainter than the other, which move around one 
.111 other in space under their mutual gravitational attraction, 
f hr? companion star Sirius B can only be seen in very large 
telescopes, not *d much because Siriua B is partial Early fain I 
iit 13 nf magnitude S) but because the strung light of Sinus 
A W Qts *t out. Sirius B p insignificant though it is. is one of 
1lw TI ™ C interesting stars known to astronomy, Modem 
investigation hits shown that, though it has only about 4 
times Uke diameter Of tile earth, it hivs a mass comparable with 
tJc%r of an ordinary star—that is something like 3.00,000 
tiniF-s the mass nf the earth. The density of tie material Is 
Hius about 30,000 times th„ii of water— uuc tun in a UiiLtchbf>x 
as the phrase got*—and the problem of bow matter can 
"Mst in such a close packed state has thrown interesting side- 
lights on mrnjem ideas about atomic structure. Detailed 
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investigation of the li^bt from Sirius B which as b fleeted by 
the intense gravitation produced by so concentrated a mass, 
awarded one of tlic three crucial proof* of Kinsiesn'o theory of 
relativity. 

The last of thie prominent coosreLULiuus. ill tins group is 
Lfo r lying on tbs ecliptic-. Thr brightest dtar Regulus lies 
ac the foot of a curved trickle-shaped line of Stan -mis group 
is often called the Sickle m K, A. b, jKirianee -but tin? ftill 
constellation includes a triangle of stnn *■> the e:ist forming 
the hmd quarters Qf the Hon, rhe brightest of the*? is 
(3 Lconis or Denebola. 

The Spring Stars (jah-iBh). (Map ^ 

In the, quadrant Jmtn 12 to IS hours Right Ascension tilt- 
principal constellations are Virgo, Boiitv^ 1 i*-rcnles and 
Scorpio (the scorpion). Others. I™ e.nsUy recognised, are 
times, Venatici (the hunting Cotna. He rente« ifckteiiicrt 

hair). Corvus {the crow}, part of Hydra am I (j^Uoru^ 
Cgruna Borealis (the northern croWhj. Serpen*. Uphmdkus 
and Libra (the Scales), For an observer in the nnrthEm 
hemisphere the beat way of picking up tins principal land¬ 
marks is to extend downwards the curved lim of the handle 
of the Plough. Going south along Lbb Line *jise comes 
first id Arc turns (a Boutis), the red star m drt Uiiattnil jo 
degree which b the brightest in this cuii&telUii.m. Going 
on down another ,50 degrees briiags us to thr bright blue 
itar, Spica, the brightest star of the constellation Virgo. 

KtMffci Lies beneath the handle ef tin- I'lough its 
brightest Star being the third magnitude alar, Cur Caroli 
(x Canum Venaticorsiim), The curious name F! Cor Caroli 
Charles' 1 Heart, is said to have originated at the time of the 
restoration of Charles II when this star Ls alleged to have 
brightened with joy, Gortd Bt/tnitts lies below this and 
above Virgo, and consists of a mass of fourth, filth and sixth 
magnitude stars Suggesting the wavy tresses which give tfck- 
conetellition its name. Corpus is a small quadrilateral with 
sidvs of about 5 degrees lying south of Vir^o. Between Bodtp 
and Hercules is the appropriately named Corona Borvali?, 
a tiara or hoop of third and fourth magnitude stars, HstcmIes 
lies between Corona and the brilliant blue-white star Vega 
ill the next quadrant ul the sky. It* brightest star i* only of 
the third magnitude and the ccratdlatbn is best rccagiufled 
by a group ul'five other third magnitude and one olher lourtli, 
magnitude star arranged in two Lines running roughly north 
and south. The six stars are in pairs, the centre pair being 
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*1 iittL-j « L'rsnr than those mirth and south of it. On the line 
i«>uim>: the tap right-brad pair and J Hertulis) can lie 
glim^-cd with the naked eye the fuzzy patch which is the 
famous duster in IlcfUuIcs, a highly symmetrical 

cluster 'it a tar Hi centrally cundented, and form mg a group 
typical of many utiier fainter objects scattered around the 
%ky* 

Si njth of the equator ls.Sccir/Jio whose brightest Star, AsiLircs, 
s* a lirdliant red Eimt magnitude; star to be secr low on the 
southern horizon on suaimer nights in England. The curving 
line uf &tan* which gives the eoriitctlutium its name will hardly 
ever be seen from northern Europe. They may just be 
Khmpied but only on a night when the sky is perfectly clear 
right down to the horizon and when there arc no ohstnuLtiun!-:. 

I lu; line imitates well the tail of a scorpion curving up and 
over tht hack to sting an attacker, Aut&ras is a double Star 
and has a fainter blae companion three seconds of arc away 
It jji a fine in a telescope ilhii the cun trusting colours iif i; 
very striking’, Antares itself i& somewhat similar to iSetd- 
geuro. being in fact a cool star at a very large size, 

E he Stimm.LT Stars h). (Map 5), 

This quadntnt conlodns some of the most .striking Cttustella- 
linns lu the sky. The most prominent arc Cygniir- (the 5wary* 
l.-yra. i'tlip lyre], Aqtiila. (the eagle). Sagittarius [the andicr), 
I'egjisus (tlw wmgttd horsey and Piscia AumttiaJb (the southern 
rinhj, Less easily recognisabEe constellations are Valpccula. 
-.1 gitta, {the arrow) h Oe$pHuiii (the dolphin), Equiuleus, 
Aquarius, Capricornazi, hlicrcKsCopLuin, Scutum and Corona 
AuniraJK 

CygnuS, BOmetinies called the norther a cross, is a large weJ|- 
1 narked constellation with a line of four stars 25 decrees in 
length, of the isE, 2nd, 4th mad 3rd magnitude marking the 
0pright of the cross. Two third magnitude stars 15 degrees 
apart mark the cross bar. To the west is Lyra whose brightest 
Vega is juat ciTunmpolar m Britain. The remaining 
prominent Mara of this small cocistrllatiofi form two pairs, 
the tnore northerly A pair of fourth magnitude star- j; ihjgT^s 
i|i.itl; and parallel to these and 5 degrees south of th^m is the 
*ceond pair, -separated by the same distance, this time of 
tlard magnitude stars. This last pair are £i and y Lyr&e. 
c Lyrae is a famous star i thu M double double", a star just 
double to the naked eye, each component of which is teles- 
copkaliy double 

Further south is A iyrrr. r a, the brightest star, Altair, being 
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flanked at a distance of z degree* oa either aide by 3rd and 
4tli magnitude it.-trs forming the wings of the eag]o B Close 
by is the appropriately named jDrfpAtRtiT* a little kite with a 
tail, drawn in jtd and" 4th magnitude stars,, which, carved as 
it is, suggest* the arched back of a dolphin leaping out of a 
wave, SatflWtr-, the arrow, ]ust north of Aquila. Is a straight 
line of rather faint stars dividing oci the west to form the 
lathers oE the arrow. Thn rather mittimus bright stars nf 
Sa^ittn* rir. south Ol Aquila, form the rather cnmpkx shape 
Qipstrated in the map. 

The Great Square of Pegasus. already rclcmrd to, measures 
r>> degrees by 13 and the direction of its western vertical side* 
takes one down to the bright star Fonmlhaut (a Fiscis Australis] 
in declination 30 degree* south. Scutum (the shield) and 
Corona Australia (the southern crown.! both L*ar a considerable 
likeness io the objects which they are wap posed to represent 

The Southern Cap (Map 6), 

The principal constellations are Carina. Crux (thn southern 
cros*'« and Centanrufi (the centaur]. There are -iko part of 
Erufonus. Hydro*, Horologium. Reticulum* Mciw, Dorado* 
t a icloF. Volans. Puppis, Chajuiw-leOiU Vida, Mosc-a. CirctnuS. 
Triangulum Australis, Apus. Lupus, Norma, Ara, Octmui, 
Piivu, 1‘elesc opium, Indus, Tucuhl and Crus. 

Crux, the southern cross, is south uE Virgo and ■;houlcl! I>l- 
recogmsed without frar of cocifntakni by reason *-f its small 
SIM and the brightness of Ibl four stax:s A fifth star ttf the 
fmiTtti magnitude lies on one edge of the kirn shape formed 
by the other four ^tars. I mint'd lately next tu ihe Crows 
lied the conspicuous black patch, tbn Coal back, in reality 
a cloud of opaque dust and gas hid tug more remote stain 
fruin view. At zh greater Right Ancetision fire the two 
brightest etars of Cznlmmts (a and ft Centaltri) live degree*, 
apart, pointing towards the Crass. The direction of the 
UKL* id tile Cross <Y Crueis tu a Crucis) and the perpendicular 
bisector of the join of a and ft Ccntnun intocct at the south 
pale rif the heavens, but then; is no bright star to mark it. 
The nearest star in space to the son is jrWvintH On laud a 
faint Star in this constellation. Alpha k aJmOdfc as near. 

Campus, tlie second brightest star In the- sky L* in Carinu. 
.separated by some distance from the main part nf the coustel- 
lutjon. It is almotit due south from Sirius. E kc remain mg 
very bright star in all this region is Achervrar, brightest star - 
almost the only bright star—in the irtraggHag ctitLSic-llariun 
,1 Eridanun. it i s At south declination 60 degrees directly 
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i ij i nix Lind Cci)tauru& uvct the pwle of the heavens 

'I,ivlj ol mo&t striking features of the southern sky an- 
nett cntnrtellmtions at aEl hut very large and complex clusters 
of -it,ir L - Tht-M are the J-arger aud Smaller Magellanic Clouds 
m Dorado and Tucana respectively, They appear trj be, 
what they probably arc. additions t cj ur satellites oi Lhc 
Milky Way. To the naked eye the L-argc Cjuud seem* about 
h\\ deices across,, the Smaller Cloud a In ml half as large. 
iVith the Magellanic Cloud* can lie seen m tlir tetestope and 
ju phi iLi igraphs, to include vast nulnh?K of stars, clouds of 
^.1% acid, more csj^Mv in the Large Cloud r clouds ol obscur- 
i la pi dust. Jin’ nebula known at jo Ltimidu* enmeshed in 
tlu> Largo Cloud r \% a good object for a fairly small trie-scope. 
Hose to the Small Cloud in the sky, but at only a iraciion ut 
1 1 * distance from ms in space, is the globular cluster, 47 Tucanae. 
r-cicond only to the globular cluster^ w Centaur i. In the norLher n 
rdty the L.i right cat i^Jubular cluster £5 tliatill litre lilt*?-. ( 5 W p. 54) 

A word may be added about the constellations of Argo 
iinel Serpens,, both of which have suffered " political " change 
at the bands of the intern iitiDilal co-ordinating body of 
a s t ron o m y r the Intematiunid Agronomical Union, This body 
had tu make a rational system out of the stellar profusion 
provided by nature and the mental confusion provided by 
legend. All constellations now have borders running aJuug 
parti nf fiilllck ofdcdinatiort and meridians of riglit ascension 
like the states of the L-.S.A. Argo, the celestial ship. a Sprawling 
mass ol bright stars, was Song since divided into Puppi** 
tlir jKwjp, Veil, the sails* and Carina, tha keel. 

This has left ihe ordinary nomenclature somewhat confused 
since the Greek let tens employed referred io the old constdla- 
tuin 4 rgO and not to the srparato parta intu which it IS 13 
divided- Skirpcus lias been split into two entirely separated 
Iilit t h like the County nf Flint, Serpens Caput (llie Serpent's 
iieiu L, at 14I1-16S1. and Serpens Cauda (the Serpent's toil) at 
1 51 * *ioh. 

There I*, in uddition to the Btnrs r a further, very Striking 

I - mu. .. feature of the sky, This is the Milky Way, -in 

arri'iiuUr bond of faint y lowing luiiiiiiusity which encircles 
1 £ 11- whale sky (shown hatched on the map*;*. Starring at 
L’.ii i sio|ii'-ia we can trace it through Auriga, along between 
* h si m and Gemini, thru ugh a point just north of Sirius down 
tu Mu- Southern Cross and Centrums; then stung through 
Uii- cut led ho 1 of Scorpio northwards through Aqutlii untl 
Cvgmis Find back to Cassiopeia- From Centnurti* north to 
D'.vgnuH it is divided bv a dark lane, now known to be due to 
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duat and other obscuring matter in space lying m front of 
the Milky Way. To anticipate what will follow: the Milky 
Way, sometimes known also as the Galaxy or Galactic System, 
is the 9tar system n i which our sun i&a member. Its general 
dillu:-,u radiance can. with tclescnpin aid. be shown ho be due 
to myriad* of stars each Individually too faint to he distm- 
Entitled, but providing hi the mass a general glow of light. 
Although in photographs taken with targe telescopes th* 
stars in the Milky Way seem to be crowding together So that 
they almost seem to touch, this ip an illusion, The stars of 
the Milky Way arc in fcmt K even in its dunscjit parts. Separated 
from each other by dlstiiiices almost as targu as thase which 
lit" between the istars nearer to the sun. and if wo were to be 
transported to any part of the Mdky Way the number of bright 
stars in the sky would probably not be in creased many times. 

Itacarch has a town that, wer* ™ able to got right outbid* 
the system and to view it as a whole w# should see that the 
Stars of the Milky Wav defined a shape" much like the currants 
in a currant bmi of high fruit content. The system h round 
when looked down upon* but flattened when seen in profile. 
The currents are more concentrated toward* the centre of the 
bun, and the =iun, an insignificant fruit, lies fairly far nut irum 
the centre in the plane where the bun might lw? sliced fur 
buttering. All our view af outer space is had front this 
posit km, from which we look out through a cloud of atari in 
the foreground, Looking In any direction in the plane of the 
butter layer we see many star*—the Milky Way as we know 
it. Fjydting at riel it angles %q this direction we hud In our 
way only the thin layer of the half bun so that very few stars 
are seen. Ii is this concentration of the Mars towards the 
centre of the btm. and towards the plane of the butter layer 
which produces the effects which we see. This is the picture 
on tto grand scale: in detail there are many irregularities— 
extra concentrations of stars in the form of dusters] clouds 
uF gIowin i* gas such as the nebula in Orion; clouds of obscur¬ 
ing dust like the division in the Milky Way already mentioned, 
nt like the ‘ Coal Sack", the dark area near the southern 
cross. (This Is the unshaded area on Map 6.) 

Ftabtenui of thi> structure of th« Mil Icy Way occupy a 
leading position in modem ratronornicaJ nywaruh. But this 
b a grand scale problem. The kind of astronomy which one 
can teach oneself must inevitably start with thing? much 
Hotter home. We must reduce our si^ale of ideas SumethLng 
like t 0.000 million times from the seal* of the Milky Way. 
and turn nest to the planets which move round the sun. 
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THE PLANETS 


Planetary Motion 

Everything: there Lg tu- be known about the motions ul 
tbe planets round the sun and their relative distances from 
it tin be deduced Itpm absffrvatimLa of the positiuns of the 
phuatfi LLgTUPst the Star backgrounds Over a period of sevem] 
centuries, this is the method by which modern knowledge 
of rise EuLar system has been gained and anyone with Sufficient 
patience and ska It could repeat this procedure. J._ife is too 
fihort for each of us to du this, so we aha] I adopt the rev era 
procedure, that is, to set out the modem knowledge and to 
show what phenomena this implies. You may then fairly 
easily verify for yourself that these phenomena aotualJv occur. 

As we said at rile end of the East chapter, thfl suti and its 
.1 ttendant planets, tile Solar system, are quite insignificant in 
Size by comparison with, for czarqple, the Milky Way. The 
brilliance of the planets in the sky and their striker g appenraucc 
me due Solely to their very dose pimmixity ill spare tu US and 
to the sun. Even though, as judged by the SKJe of the earth, 
t hr* diameters ul some of the planets arc very great, and th e ir 
distances from the Sun very Urge indeed, the planets arc of 
a vary local and paioehial Interest. The solar svstetn itadf, 
though pn^ibEy not unique, L? certainly the only planetar 
i vs tuns which we shall ever be able to study at all ctoScly. 
I' or us. a planet will mean One of the aun'g planets, a relatively 
-mat] piece of solid matter moving round the sun in a path eu 
tfrhis^ awing its light and surface- heat to the guii T and held in 
thut orbit by the attraction which rite sun exerts on the planel. 

Let us begin with a model; a small weight on the end of 
ik String. Whirl this around your bead. You can fee! tlint 
riierc is a tenskut m the string, and you know that you must 
keep pulling on the* string as you whirl the- weight round, fur, 
if you did not, and Jet the String go, the weight would fly oil 
ivt a tangent. When the weight is going round at a steady 
pace, the pull which you exett on it i* constant. When the 
weight moves at a faster steady pace thu pull in the string 
increases 11 is this pub which constrains the weight to move 
m a curved path, a path Ln which the direction of the motion 
of rite weight is continually turning. This force is often 
called incorrectly the centrifugal force, If the weight in the 
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model represents a planet, then the pull exivrted by itu± string 
represents the gravitational attraction of the sun acting On 
the planeL There: u HO longer any visible conncctmir hut 
the farce is tbtT# nevertheless, ami is of precisely the same kind 
as tile gra vitatini] a! force which holds us t?Tl tile earl Ik lJi 
the empty space between the planets there Is no other force 
acting and even this gets rapidly weaker as wie goes away from 
the sum although it never, strictly speaking, vanishes com¬ 
pletely. To snake a body travel in a curved path there must 
be a force acting across the direction of motion of tluat body 
arid in the case of the planets the force is provided by the 
gravitational attmc liun of the sun. Where grav ity is strongest r 
i.c a close to the sun. these puttie will be must curved, and the 
planets moving in them will be moving faster, so that just as 
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u] the case of the weight an the string there is an increased 
centrifugal force ta balance the larger force of gravity At 
more remote positions, a planet will move more slowly 

Thus, a planet near Hie sun will be moving fast in ir* orbit; 
Memory does W7 miles I^?r KttOTld: tW- earth, at a ftrealrr 
distance does ifl'5 miles per second. Jupiter. Jivrs times as far 
front the Sun as the earth tnivtils at about 8 miles per second. 

The cubits of nil planets are e-sample2 of the type of oval 
curve knuwn as; an ellipse, (Figure 3i.) Every ellipse has 
two special points on the longer axis of symmetry which 
are called the foci of the 1 E-lhpsri. "rhi- simplest everyday 
example at an ellipse and its foci is prodded by the practice 
of j^anlenelfS in laying out oval I Lower beds They Stick two 
pegs into the gTonnd and put a loop of string ’-over them 
and over a third movable peg. This third |«!g in pushed into 
the ground at the various positions to which it can reach 
when the: ^rrm^: is fully alf&tclwl. Thc-c points all lie on an 
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E-Llij^aui JLtid the two fined an? the focL if the pegs -ire 
close together the ellipse’ t± almost a circle, and if the two 
pqp, are coincident, dearly the uin^bln peg traces out a 
circle round the common centre, If. comparecl with the 
M/L- of tin- Jonp lit string the two fixed peg?, are placed far 
apart, the ellipse is very long and thin or, in astmiferunical 
parlance, b very e-ccantne, or has a high eccentricity. 

V consequence nf the laws of gravity ami of mechanics is 
that nil planfitary orbits are ellipses, hirt most of them are In 
fact of small eccentricity, that IS, aim nit circular. The sun 
is at one foGUfl of al] these elliptical mbits, and. fnt mbits df 
suuUI eccentricity, such as th em of the planets, th* sun lies 
id most at the centre of the almost circular orbits, As we have 
^vii, when a planet ia near that part of its orbit where it is 
closest th the 3 Lin (near perikfiim) it ps moving faster than 
when it ls most remote from the slitl [near aphafoon), We 
liave already met this phenomenon of variable orbital velocity 
nf a planet m connection with tile orbital velocity nf the earth 
and the equation of time. 

I'he .Solar System 

The average distance nf the earth from the 11 91m is one of 
I fie standard measures of length in astronomy- It ia called 
the1 j'■ itph-itHirrtf tf n it, and according to tJir latest determination 
measures 53,005,000 miles, We shall indicate later Jiow the 
ilrterminatimt of this length is carried out. The following 
tnble gives the namw and certain data for the planets. 
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Some planets are flattened .it the poles due t«> rapid rvt&tion, 
WJW« tWu diameturs Eire given Ihe smaller b the puiar, the 
largrr tbt? equatorial Nole the iminrTiHi 51 of nitcq^Luictarv 
distances compared with the dimenaaonsol any pUiriot. 

Charting the Solar System 

}Jow tet us consider thu uppearunee of the soim system 
05 seen truth the forth* A Study ul the table slbiws that two 
oi the planets Mercury and Venus, are always closer to 
the aim than the earth b. They have shorter orbital periods 
and rsiovo? faster in their orbits. Suppose we consider the 
motions of tbeuaril] and of Venus starting at a moment when 
the sun. Venus and the earth arc all in line. Clearly Veaus 
will gain on the earth no that, whereas at the beginning it 
was in line With the sun, at a iater trrn^ it will lie out to the 
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•*^1 l 4 this sun. (Figure az*j From %h? earth, Venus will 
then day by day be seen to move further west of ths sun, 
so that before dawn, before lhe son Las risen, and before 
Venus has been last to view in the brightness of the daytime 
sky. the planet will appear FIS a " morning star ”," Tht 
angular distance between Venus and the ami will nab however 



Figure 2a 

P0l(f|£»TJ wfh jiwrf Irnuj in their orbits, and cmreippuJing 

tfteienpic fippi&mw* */ F-rJifci 

go on iniinsasmg Indefinitely, A time will come when Wnu^ 
ts So far alirtrad of the e^rth that it will* OS it Were, be leading 
the earth in rile race, rij^lit round the band Of the course 
The el on gat ion cj f Vernis from the sun will incRytse to a maxi¬ 
mum and then start to decrease, and as the %yro shows, this 
v. ill happen when the line from the earth to Venus just touohei 
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the orbit of the latter. If w* look at the geometry of the 
lipjna we etc that, at this moment,, the line from the earth to 
Venus, is at right angles to the line from Yemw to the sun. 
We can measure directly the angle between thi. direction to 
Venus and the sun at this moment, and we shill find a value 
a f about 4b degrees. EleiiiEiitary trigonometry then enables 
us to deduce the ratio of the distances Emm the earth to the 
sun and frmjt Yen ns to the sun. The relation is 

Pisfcwre ot Vq.utia mjtm _ Sin . _ 0i ~ 

Distance of Earth from sun 


In other word*, by the simplest of ohsotvatlbni we can coin pare 
the ratio of Use radii of the orbits nf Venus ami the earth 
round the sun, 

Aftr-r thh moment of greatest elongation Ymus appears 
Lu move LSI towards the sun. filially pawing behind it. A little 
iater it reappears on the other side of the sun a* an " evening 
star lp f reaches a maximum elongation on that ride of the 
sun—tile value of this maximum angle again being about 
4b degree?—and then moves back towards the sun until, 
having gained a whole revolution on the earth, \cnus once 
more crosses the Hoe joining the earth to the sun. 

Tin? general characteristics of the motion d Mercury are 
smich tbo same except that the maximum value of the angular 
elnngatsun Is had tiie corresponding value for Venus or about 
J3 degrees. These angles give the maximum distances ahead 
or behind the sun to which these two planet* raj! attain. Ill 
terras of the axial rotation of the earth they represent 3 hours 
and ij hours respectively. That is in say that Herein? 
never sets more than alrout 90 minutes after the sun or ris?s 
more than 90 minutes before it : Venus never sets more than 
About 3 hours after the sun or rise® more than 3 hours before it. 

We have hern describing the ch&racfaiistfcs of the motion 
til a planet whose orbit is interior to that of the earth. These 
are, that the planet, in question always lies fairly near to the 
sun in the sky, being sometimes on one side of the sun and 
MDlettafcS oil the nther. From Ehc maximum value of the 
Separation of the plane bom the auu it fa possible to deduce 
the distance of the planet from the sun hi terms of Ehc astro¬ 
nomical unit. 


Phase a of Inferior Planets 

Both Mercury and Venus like all the other planets owe all 
their light and heat to the sun, and shine solely by the light 
reflected from their surfaces. Each planet is, therefore, 
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at any moment ball in darkness and Sialf illuminated by the 
suil. Thu brightness- of a planet will depend K among other 
thjjjg;i r un how much of thts i]lu m inn ted half we can flee, 
Suppose, iur example, Venus h$ cm the opposite side of the 
5-Llli from the earth. Then the planet will appear very close 
to the sun, and., if we could flee tt r we should see its Lliu minuted 
hall presented to us. Du the uther hand, this illuminated 
disc wit! appear very small because the planet is then at its 
Maximum distance from us. When Venus is closest to Qi, 
that is. is almost in a line from the earth to the stm. but on 
the same iide as the earth, the planet M its mfurim um 
apparent diameter but the side which is. turned towards \i$ 
is the shadowed one. In tins case then, the planet wall 
again appear relatively faint. When the planet is at its maxi¬ 
mum eJongatsou from the sun we shall set half of the illumi¬ 
nated Hide anil half of tin: dark Side, that U> r LIL a telescope 
the planet will look like a tiny thoop at first or last quarter 
In this Sort of p^Kitloil the planet will look very bright indeed, 
for akhnugii only half the disc is illuminated, the distance 
<*{ the? planet from ns is not very great. It will be dear from 
what has been said that the inferior planets like Venus and 
Mercury sh«W pham as the moon does, and it was one ui the 
crucial testa of the theory of the solar system when hist 
propounded, tliai these planet 1 : should show phase*. The 
maximum brightness of these planets occurs w r hen rather 
!«*-n than half tile dL^c of the planet appears illmnimrfed p that 
is when they show as crescent, for then tlie distance h still 
smaller tl lzlti when they are Fit maximum dungution and the 
rfleets of dis tance and of proportionate illumination combine 
Hu produce maximum brigintn^^s. 

Fhe phaswof Venus can quite readily be distinguished with 

I he aid of a moderately good parr of Add glassy, and, since 
the planet moves round the sun in a relatively short rime the 
variation from night to night can easily be followcd- (Fsg- 

U-rp 32. | 

The Superior Phi not & 

The planets exterior to thcr enrth:—Mars. Jupiter, Saturn 

II ran us, Neptune and Pluto, of which the nrst three are naked 
eye objects, and iJit fourth an easy object for a small telescope 
or field g3u.s-s j, s, all present only their illuminated surfaces to 
the earth. All these planets are far away compared wuth the 
earth, and are all roughly opposite to tile sun when must 
conveniently visible at night so that jig part ul their dark 
surface is visible. An exception if? Melts, which a 1-52 times 
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as fax fruits tJie siLii sis the 1 - Garth, in, which means that in suitable 
cireiimstancefi a small part of the dark side c.in tx* sewn. 
When this happens Mnni seen gibbous as the mrmn L; just 
before or just aft or full melon. 

I f we compare the motion of the earth with that uf an exterior 
planet as we did in the case □! this earth and Venus wp rind 
a different iituation, Sow the earth catches up on the glow-cr 
moving exterior planet. Starting a^ain from a position 
when the sun, the earth, and, say. Mara are all in line, we a« 
that, at first, the line joining the earth and Mart iswings in 
the opposite direction to the common motion round the 



Figure il 


(jp! Ptmiuaw Earth and .I/hti in tfj-. f ; ffrj antifHndivg path o/ 
Afiirs mi Ita ;*y, ft} n/ jlfdrff rrf |1 \ mid f£|. 

tan. fFigure 33.1 When however the earth gets SO far ahead 
its to' be going BJ round tile bend M the [me swings in the 
opposite dircctium That is, as seen in the sky the motion 
of Mara Is hm-i in one direction and then in the other. This 
same direction persists rpi the earth goes oti gaining until it 
passes ruiind the other side of the $tm_ When this happen? 
it means that Mors has disappeared in tlli 1 SLin'i brightm^. 
Then, as the earth goca on. Mars reappears on the other side 
of the sum still apparently going in the same direction against 
the background o( the stars. Presently the earth begins ta 
gam a whole lap m Mare, and, ns it comra round the bend 
atm catching up r the line from the earth to Mars reverses tli 
direction of smug once more, i.e. Mam appears to change it. 4 * 
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direction oI fflQtiou against ttus star lw-k ground, and! enn- 
tinuea this reverse or " retrograde " motion until the sun, the 
earth, ill id Mara an* once more in line. Tha effect uf this c* 
that Mare, and every other suptH-inr planet, appears each year 
l*j muk*- u li>7p In its track against the sky background, 

11 is p:,issihb to deduce from the size of this loop, j U3t a& in the 
rase of Venus. how many astronomical units Mare is distant 
from the fluii. Wlml: it comes to, then, 15 that by quite simple 
uMcrvations of angles it is posable to determine the distance 
from the sun of all the planets in taa of the astronomic*! 
unit; that is to say, it is easily possible to construct a seal* 
mode! of the solar system. What is lacking La the length of 
rhe astronoraLeal uiist in miles; we know all the relative 
distances, but not the value in terms of the familiar terrestrial 
units uf length. 

Before considering thLs point, there Is one note which mils: 
be added. We hav0 spoken frequently nf the earth. the sun 
nod a planet bfiing in line. This b usually aiily very roughly 
true. If the urbitfi uf all the planetE were in exactly the same 
plane, that is, if a true model could be mnde in which al[ the 
model planets moved on the same table top, then, each time 
one plane l passed another the shadow of quo would cross the 
other and there would be an eclipse. In fact, although all 
the orbits of the planets hr nearly in the same plane, the 
romCEdence u nut exact: tike plane of the orbit of Oiie planet is 
slightly tilted with trapect to the orbit of any other planet, 
and eclipses a.rr a rarity w l rich occur only when the bodied 
concerned happen to be just at the right points in their orbits 
at the right time. Thus when Venus passes between the earth 
and the ^uri It usually does BO just above or just below the 
SHU r only very occasionally does Venus pass across the face 
of lilt* sun, producing wliat is known as a. transit uf Venus. 

I'hc characteristics of the tOutiull of external planets are 
thus that these planets may Lie seen anywhere round the 
ecliptic and are best seen when opposite to the sun, i.e. when 
they cross the meridian around midnight, and that each year, 
09 a reflex of the earth's motion, the}' slipw a loop in their 
paths a gainst the slur backgrujund- The Imp would be a 
back and fore zigzag if all the pianotary orbits were? sn the 
sum 1? plane*. The slight diffe-reniccs of plane already mentioned 
turn each zigzag into a ItM^p. On the other hand the difEeren- 
ireflcsf orbital inclination are fairly small, m that all the planets 
arc Id be found in a fairly narrow bund encircling the sky. 
This narrow band includes the ecliptic, the apparent orbit of 
the sun round the earth This obviously must be bo because 
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iha track of ttiu sun against the Stars 3-5 seen from the earth 
marks the plane of the earth s odrft round the sun. which. as 
we have said, is close to that of all thu other plantt-. 

We bftVfi Men how to construct a scale model of the solar 
system by determining the distances of the planets from the 
sun in tartna of the astronomical unit. In the faille we have 
aim listed the periods oi the planets—the true time which cadi 
takes to make one circuit round the* sun. The apparent 
tim L-H are a(J vC Ltd l>y 1.1 ie fact r 11 at the earth u TIHjv u \%. H aw 
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r an we deduce what the orbital period t*I ll plallot i ■ ifOtll the 
interval between the times. when the earth parses it as both 
move round the sun ? 

Synodic Period 

jjupposo the earth goes round thr- sun in a certain time, 
say Ti (Lays, white Jupiter goes round in a time Tj day*. 
Then if both start off from the same starting line* they will 
be level a jpurt when the enrhb has caught up one Slip OH Jupiter, 
Suppose that when the two planets arc level again the common 
title has advanced by A degrees (see Figure 74) and suppose 
& certain number of days T ha* elapsed. Then in thin tune T 
days, Jupiter will have gone round through A degrees, but the 
earth, having caught up a whole lap will have grate round 
A + pio degrees. Now to make these two stat-aments correct. 
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certain relations must apply. For Jupiter the period of T 
days snuzst represent hill? proper proportion. A/pio of its 
orbital pcitibd, U-. 

T = _A 
Tj 360 
T ut the earth 

X = A + 3 fia = A + I 

T* 360 3 &v 

'I OL|uaiLui'ii simply express the facts that bath for the 
earth BrnJ Jupiter the anple thkmgh wTtdcIi they Isavc gone is 
proportional to the time elapsed. putting in the proper rates 
i.ir each planet, We are not interested m A a so isi pet fid of 
it we take it* value given by the first equation, and put it in 
tllG second. Now we yet whut we do want, which b the 
relation between S' and the orbital periods of the two planets 
The result is 



or, dividing all through T, and Kunmgiiig 
r _ r_ = 1 
f b tj T 

T Is what t5 tailed the fynorfic pt-riari of the two planets, tile 
interval between successive meetings an the same Sine. Fur 
Hif earth and Jupiter taking T a = 1 year and Tj = tz year-i, 
we have i/T - n/ra or T = 12/11 years. That b, Jupiter 
1- opposite th^ sun ns seen from the earth a3™t every 13 
months, In practice the calculation works the other way. 
s ^serving tluat Jupjter is opposite tu the Suit every 13 mantlii 
we can work out what the true orbital period of Jupiter is. 
Thus, fur example Mara passes ihr earth once every 780 day* 
approximately. Pitting T u . far the period of Mai* # in 1 he 
ieUiiiotj yiven above we have 
1 _ 1 _ 1 

365 Ti ” ?3o 

which gives T|j ™ 6^7 days. Notice that in the equation 


Y ,,Vc ^ replace T* and J'j by the periods of any 


1 _ _r 

T* Tj 

two planets but the second one (with the maaus stgn| must 
lefer lo the one farther from the sun. 

We have thus sketched thn ham bones of the methods by 
which the distances uf the planets fmm the stjr in astronomical 
units, and their orbital periods can S>e dele Trained, Knowing 
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tli-e radii oi the orbit* wc can fay'ly easily detctmint 1 thti 
distance of each planet from Lite earth at any time.. 
by noting - thn apparent diameter of the planet we can estimate 
its sAe^ stilt m i 3 ±"trnnnmical units; if the planet ha* s nre™. 


stab 


’/ 


lb) 




Fsgurff ±f\ 

Sbilit dr Set-mi itsthan summitriffd ip sketch*;: fa) as tht survey.',^ 
rni-itirul vf deft*mining Me dirtJttt* vj mi ph-ih rfitibf* objiti. ht 
fjty lutrmfimiatf Q&urn*H\m* ifaitrmm* ikt angutat di dative Ait. 
Surety i from A to B g» the e*tlh'& uttfar* girt AB in milt*, and 
hsms tfa nylons of tAt titrlk. tn (e) Mia rfutn. and Mr uirth\->d 
Cif (it) ait uLStfrf tit find the iiixtarttr "f Mr ptoon in In \ J< thr 

sam* mtihnd i* dfptird to find the rfisM jyc-f at firos, hut JAp-S- pj 4« 
frf4< ti i nt urA i u id *>iJ L-'U^I UJP f/row Jf* ! ■ rtf a ■■ ! I). r U ti \ *) are t »: iji/MJ rtf. 
IhfrT ii tfwfv a smaM, h»! iJilt mtii*nrahit, Ait ft m flu 1 /Viritam of 
TI?' « ill vyh agxinif tkc zfAr tint herimnd 
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wr CAT1 estimate the distance of the satellite from the patthl 
pjfuift in astroBiocnicaJ units, 

Fixing the Scale 

To till in the gn.p in tills chain of cle<i action we in dilute how 
the value of the a^tionaitxlu-iil unit in miles can he determmed. 
Clearly, since we can make a Stale model df the solar system. 
.1 It that wc need to do K§ to determine the distance between 
.my two planets, at any time, in miles, and to compare ibis 
with the value computed in astronomical units. The di if Lenity 
in doing this arises from the great size of the distances between 
the pluuets as compared with all terrestttill distances, I li^tansSfs 
■ ifi the earth ara measured by surveyors bv a process of tnan- 
gufation, {Figure J5 (a^ ). First a baw is measured by means 
tit special tape**, and then, from the rndU of tilts base: hut, 
angles are measured to some distant object The ends of the 
b&se Line and the distant object form the verLices of a triangse 
and once its angles- are known, the lengths of the sides can be 
found by tri-gunnmetrical calculation. This method serves 
well enough for triangles with sides of I* few tans of milcn. 
For larger distances the base angles must be measured more and 
more accurately, for the two long sides of the triangle become 
more and tiiore nearly parallel* and the whole accuracy uf dttcr- 
mmatiou depends on measuring the divergence ml the&r sides 
from parallelism. Using the diameter of the earth as a base 
line ur more exactly,, by taking observations fmm two 
i ihservatories, one in the northern hemisphere and one in tin- 
southern, the distance of the moon from the earth fabmif 
540,000 miles ) may be measured (Figure uj (ci ), but the 
distance Of tile sun is too (urge* for the same method lo be 
applied in that case. In addition the brilliance of the sun and 
tile slight ifsfbihnitcm sji of tire edge of its disc make* It impos¬ 
sible to measure the pos-ltlac of the edge of the sun * dt*c with 
the lU'jcessary high degree of accuracy. What we T1 c<-d is an 
obliging «;maiL planet wbIth come* within a few ttiiJJtrm mile? 
of the earth, and which appeurs only as a pin point of light to 
serve els a very definite murk to atm at. Then Ltd- distance 
m miles could be measured with precision and used to fix the 
scide ul the whole snlar system, Luckily there is such si 
planet. 

'Hie Minor Planets (Asteroids) 

Between the orbits of MsrS -uirl Jnpfter Ik- Ui■ Tb.L.- ii .i 
swarm of vfcTy SFn.iLl plan i- Is, the minor pi cum LB. Some 1500 

f these bodies are knrawn. thairsi^c ratting down from diiire 
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ters fF a, few tens of miles to tN smallest deloctahk. The 
largest Otrea, has a diameter nf miles; only half a riruen 
are more than a hundred miles in diameter. The smallest 
are probably no mure than large lumps of rock. CilTTeOt 
idea? sagged that these minor planets may be the debris of 
a planet of normal shie which Fur some reason or other in tin 
dim past was shattered to pieces, 'S hew minor planets iirr 
relative!v vulnerable tu the influences of the larger plauet*. 
unij should a close approach occur, the orbit of a minor planet 
would be liable to be greatly ■.hunted by the gravitation of 
the large planet. The result is tliat the minor planet orbits 
are of all .-sorts of shapes, and show a great variety of iciclina¬ 
tions to the ecliptic. One of the smjJW minnt pLiauits, Eros, 
is of particular interest Eiure at intervals uf appraacinbatrly 
30 years it piiiscS within about 15 millimt miles uf ihe earth, 
and provides an opportunity for a determination of lb? distance 
In miles. The method adnptcd It Lftiit n number of ubwrva- 
tones in the northern and southern hemispheres photograph 
the planet on a number of night?; during its dree approach. 
The stem hi these fields have previously bftd their positions 
very aocflratEly determined, and the orbit of EiOS has pre¬ 
viously been, very accurately calculated. Then from mpagim 
of the photographic plates the jmsitiutLS of Eras can be very 
accurately determine; by comparing the results from the 
different observatories the hEigld ^hifl in position due to the 
different locations of the various observatories tan be Bifted 
out The reductions and measurements are extremely com¬ 
plex. but they can be successfully carried nut, and the value 
Inr the aslrmioraical unit already quoted is that determined 
nt the approach of 1931 when the work was organised by Sir 
H, Spencer Ji ilref., lunaerly Astronomer Koval then J l . M. 
Antrim qmer M the Cape. Ih’igtire 23 irli j. 

Some Planetary Notes 

Mercury is always close to the* sun aud only visible 
fust before the dawn or just after sunrise. ft Is a body □! 
SQtne 3.000 miles in diameter with nu itmosptwrr and riu 
satellite. It is believed to rotate rjn iut nxin in the same 
lime as its orbital period round the sun $0 that it ELlwayt 
presents the same face to the sun. J he illuminated face 
must bn at a very high temperature and the durlt face very 
cold- 

Ycnus is recognisable by its grant brilliance and its character¬ 
istic pearly white colour. This Is probably due to the reflection 
of sunlight from ttm top of an -npciqne cloudy atmosphere It 
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i- not known with certainty what thei nvtej of *urial of rnUtioo 
iif Yenug is. Various values have been quoted and fhi?rc is 
Mime support for the idea that it always presents the same fate 
to this sun as the muon does to the earth, that is-, that the period 
ul rotation on ils axis is the Same as its orbital period. Venus 
has no -satellite. 

The Moon 

l'be earth is tlie hrst of the planets having a satellite. Our 
mooti, an inconsiderable body having a diameter of only two 
thousand miles and a mass only one eightieth of that of the 
■?sirtlL. presents so striking an appearance only because of its 
nearness to the earth, The average distance of the moon 
from the earth is about ^0,000 mdea, The moon always 
presents the same face to the earth so that the far aide has 
never been seen, However, the phenomenon known hfi 
{ff.-raifijti allows lis to sec slightly mure than per ceu t nl 
the surface of the muon. The origin of this phenomenon 
ia as follows: the rate of rotation of the moon on its axis is 
uniform but the? rate of orbital movement of the moon round 
the earth is not uniform since the moon moves in an elliptical 
nrhitr Secausa of this inequality the axial rotation of the 
monn iS nqmctimra slightly ahead and somiTtimE'S slightly 
s^hind tlie rate of orbital turning, Sopwtiw a little extra 
scrip of the eastern edge of tho moan lima becomes visible 
and Bomulimea n little extra atrip of the western edge, About 
55 per cent of the moon's surface thus becomes visible at erne 
time or another- 

The phases of the awon am due to the varying relative 
positions of tJu. earth and moan, a-; thu moon appears to 
e novc Tnund the earth. At new jutxm the moon is almost 
directly in Iliac with the aim and on the same side as it. At 
full mam the moon is opposite to the sue. The alignment k 
seldom exaki. but when it is the shadow of the moon falls on 
tbe earth, or that of the earth on the moon, producing an 
•■.hpsc. Just -iftrT, or just lit! fora new moon w-hen the moon 
appears as a crescent, the dark part ni its surface may often be 
5wr faint]y illuminated (" tile new monn with the old HJOOU 
in bis arms Tllix is due to what is called earth shine, the 
reflection of light from the surface of the earth on to the 
shadowed part of the moon, 

Tha gravitational attraction of the moon combined with that 
.if (hf sun is responsible for tides in the oceans. When the 
moon and sun ara nearly in the mC* straight lift* the gravj- 
inLLnnal effects of the two bf^dies combine and the tkJe-Tsusblg 
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t>iT.:g t 3 JnTgO- When the mqon and «nn arc at ngbl angles the 
elf pets torn! tij cancel out and the tid^-raising force is small, 
[his difference is responsible! for the pliunnmmtHi qf Epplng 
tides and ficafKJ. This reinlt may seen a trills udd. since it ta 
not immediately obvious that forces at right angles to oo-e 
another should cancel each other out, i t must be remembered 
that, in the case of the sun. the overall eftect nf gravity has 
already, .15 it were, been nsort up in keeping the earth lei its 
nr bit. However, gravity on the near ?ude qf the? earth is 
slightly greater and uQ the far side of chi’ earth, slightly less, 
than the mean. The efleet of the solar gravity alone actifiM 
on the deformable ocean (and to a much Less estent on the 
not perfectly rigid material of the earth ituelf;., i> to raise two 
waves on opposite side of the earth, not only Immediately 
below tin- SIUL, but also on the rrmou* ai«h> of thn earth as well. 
When the gravitational force of the moon is acting along thui 
same Hue this effect is reinforced and .spring lilies result. 
When the moon and the sun are in directions at right angle* 
lo one another, the crest of the two waves due tw the sun lie 
in the troughs of the two waves due to the moon, and neap 
ildr.-> resuit. 

This argument rolers only to the tide-raising lorces. TLiv 
actual Ilc! 1 j.r I Lts of tidei and the water movements observed 
are mu ch aiiected. by the configuration of coast?. Fur stmnpk, 
the Buy uf Fund? and the Bristol Channel; inlets which narrow 
from wide mouths to almost enclosed bays, produce tides ol 
phenomenal heights, while, if the channel narrows still further, 
tidal bores, such a.i that on the Severn may result. Again, 
in almost enclosed bays, the rhythm nf the rides may approxi¬ 
mate to the natural period of oscillation of the enclosed mass 
of water and the damaging phenomenon ktEowit as range may 
occur. In the open Oceans water movements are stlfl not 
tho&e corresponding exactly to the tide-raisin lj forces uf the 
sun And moon. I von in the North Atlantic the water move 
menu may correspond more to those of water in an enclosed 
basm . m which the tidal wave raised moves round and round 
the bounding roasts with practical! v an movement at tine 
contra: qf the huxl 

The surface uf tilt moon shows ft most varied topography, 
tlnr chief feature ol which is the large number of ring moun¬ 
tains. of great height and diameter. Controversy still rages, 
and perhaps will rage imlutmitcly,, over the origin qf these 1 ring 
mountains. One school favoura a volcanic origin, Another 
helievi«i that they result from the f.K>rnbairimcnt of tile frtoori - 
surface by meteors. The best argument for the latter 
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NypotHHdb is the EvintenLC on the sixth ■*! cratum prriduced 
[yy meteiTfs,, notably thu*e at C-iu yuti Dinbolo, Arizona and 
iJmbb Crater, Uiigava, Canada, The number id crater^ 
i ertainty due tu meteors is small, and a]I art- of imall dimen¬ 
sions compared with the large lunar cmtrrs. Any hyputhv-U 
■ iF meteor bombardment of the moon should also involve 
-EltillElr Nirnbftrdirwmt d( the earth, ani.l, o¥wi allowing for ilu 
protection afforded by the earths atmosphere and for weat her¬ 
ing ijn tiie earth, one won Ed expect craters of thia kind to he 
inoFt commoi] than they are r The moon has tio atmosphere; 
stars occulted by thi- moon arc- cLTtingiJJshed mstantanropsly, 
and theory shows that the moon's gravity is too feebk to 
prevent tbe escape into Space of ail gas mnlecules at the 
temperatures which prevail there. 

Heights of lunar mountains can readily be calculated from 
tlic lutsgtJia of the shadows which they east when illmrunaleil 
by a low sun. Tlirj aiioim tains turn out to be very high, and 
uau remain so owing to the absence of wind und ram to 
weather them down. In all probability, the* surface of the 
in non, which consists of some substance having about tile 
rstl native ppwnr of Volcanic ash, Is Covered with fine dust 
produced by tho gradual disintegration of the rocks, and 
perhaps the" mountains themselves are more like sand dunes 
■if tine pnwrier than thr uiutm tains on tile earth. 

The smooth dark areas of I he moon's- su rface were originally 
called * r maria 1 nr because of thtur appiftSWUOCf, but the 
name is a misnomer saner there is up water an tike moon, 
TiiO-iC utpuh urv ih j ;•;•*- visible with the nuked L-ye Us farming 
the r ' face M of " the mati in the moan 1 '. 

Notes on the Superior Planets 

Mars, the planet next outwards from thr: ran is rather fa malt. 
its surface is reddish in colour and irs quite a small telescope 
the twn arun^ at the north and snath poles wllidi Eire covered 
with hubtr hwt, can In? seem as white spot*. Thu a jlLh of 
[-■Cali-cm Of Mar:- L> tilted just JV* the are □! the earth is 
tilted, so that Melts lias season^ during which the sue of these 
frozen polar caps changes. Mars has an atmosphere, but it is 
very thin, ft is therefore not very highly reflecting a$ that 
of Venus is. and the actual surface of the planet can be seen. 
I here is a fairly well- known geography of the Martian surface 
c i an srstiu g in the description of the vaiiouj* dark areas on its 
.surface. The nature of those is unknown. As for the fabulous 
Martian canals, confidence in them sei fiery a severe jolt wban 
thr casual observer gets a chance to see Mars in a telescope. 
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How anyone can eKaaly delineate the large dark surface areas, 
Jet alone these alleged fine linen joining them, «cms hgynml 
comprehensinn. when the dine la so tiny,, ami when whnt can 
Ire seen is jumping about to a greater or \fZS 5 degree as the 
atmosphere uf the earth upsets the light rays enmity throngh 
it. On the question of the existence of the Martian canals 
opinions fluctuate n good deal, A jury of astrLimmieia would 
certainly bring in the Scottish vurdtui of "nut proven 
with perhaps a srrmU dissenting minority. Man has two 
moons nut visible to the naked eye. One ol thvse is unique 
in thi solar system in that [t LLclIially kin.lrh the planet faster 
than Mars rotates 031 itB axis. As seen from tficsurfacc i if Mars 
Therefore, if will appear tn rcnc in the west ■imi svf jh t 3 lp cast, 
C-nnsid Qfablv pahlkity was given aL the time |n the close 
a[ipmFichcs of Main to the earth til 1954 and i-ijG, These 
phrrioqiQib occurred irt I he following way. I he synr.wHc 
perirxl of Man. ]■. 60I b 7S0 days. I In: rmifiguraliori of tlld 
sui] p earth and a superior planet such that all tot are in 
line with the earth in the middle is railed, an tif}ptJhUiwn t mid. 
Hearlv, the earth U then at it- dnscst to the pinm 1. an*I ihi 
planet crosses the meridian at midnight Upp* 4 tfcms u| 
MaTsi tiiu§ recur it intervals of Jifo days* or two fcorruslrukl 
yvm plus lifly days, El lJ ie- synodic period wur oxauilv 
two years nppotsLtidns would always occur on the same dutr? 
wilh lilt* earth always ill the name point in its "rbit, and 
Mars at the same point in the sky, Tho surplus lilry day* 
uium* the tune of imposition tij progress round the \t-%u 
and the position of nppofdtksn to advance lound sli>- nr bits. 
The orbit of thu mrth is dcsrly cirtuiar: that of Mai’s distinctly 
elliptical. Thki two orbits are srn placed that tin- disiiimx- 
IretwcL-n them has a minimum vtdtie of 37 million miles uclii 
a part of the earth's orbit which WO traverse at thr i.lirl ■ «! 
August, and a maximum value of 03 million miles for the 
earl of the earths mbit traversed in February . Thn.i npfin- 
sitiuE&di of Mars occurriTi^ in August and September mu much 
tLoser than February and March oppjrfklom. In !u=m Man 
was in opposition on June 2 and in 1956 on Sept cml.e r u, 
the latter very close to the Most favourable date jsalable. 
Later oppositions m ill tx'cur at dates delayed if! carts opposition 
year by 50 and dose oppositions will recur only ivhtn 

opposition date ta4L=s advanced unci? mure tn die favourable 
season, i.e. atxmt tseven ctpptrtitimui later than J056 (7 v 
days is close lu otic year!, that is in 1^7*- 

Ncxt enme the minor planets, one of which. Hr m, hiis almady 
been mentioned. The largest of them are Certe. Paliaa, Vesta 
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and J imOi. \n inU'TCstuiK flew minor planet discovered in 
HJ50 is Icaruft, durtiugiiished by th* 1 tint that it has a very 
elongated othit carrying it nRarer to the sun at perihelion 
than aciv other planetary body* 

Jupiter, who** orbit ii nest, is the largest of ah the planet* 
It is * globe with diameters of SB,700 miles and Sa.floo miles, 
tliese being the equatorial diameters and polar diameters 
respectively- This high degree of flattening indicates that tlie 
visible surface of Jupiter tin hardly be solid, and I hat what i? 
?ieen b the upper surface of the atmosphere, flattened by the 
rapid rotation of the planet on its axis which occupy a 
period of only oh joth. This hifih degree uf llmttecaing mdi- 
, ,itcs Thai the visible surface of Jupiter can hardiy he solid 
and that what is seen is the upper surface uf an atmosphere 
dported hY the rapid rotation uf the planet on its a\i- 
Surface deti?U which enables the nrt&tfrm to be studied, give-i 
a mtaticin period uf Qh 50m nor l he equator,. and pb 55m 
la higher latitudes. The surface feature can hr glimpsed 
with only the slightest of optical aid. tVrll-iuarktfd belt? of 
a red colour, and showing fine detail, imcifdt the planet to 
north and south uf its equator. much els the trade wind belts 
do on the earth. Cither lielts lie further north and south. 
(In the south equatorial heft » an indentation which at one 
time marked one nf the most striking features of the surfoce 
of the planet—the area known ^ the putrt red spot. This 
has now faded and only the indentation in the L.»elt whkh it 
1.1 sice occupies I rtr 1 main s i hiblc. 

| uplter is- a colrl place: estimates of its temperature depend¬ 
ing lul the measurement of the iiifta'rerl rudiatfon received 
h um the planet put iis temperature for below freetlng-point, 
and current Ideas sngg'^t that the outer atmosphere, which 
it b known con lairs methane and ammonia, resembles nothing 
=,n Touch as the cooling fluid in an Littunonfo rcfrigumtEOLi 
plant. It is presumed that the planet lias a rocky or perhaps 
ice-shea tiled core a good dual smaller than the visible disc 
presented to observation. Jupiter, more than must of the 
planets, deserves mention in a book designed for those who 
vfisti to teach themselves astrunuiny, since it is possible with 
the aid of nn mare than a good pair of field glasses supported 
Igainst some rigid Structure, to gRt a fair glimpse of Ets surface. 
Even more Jstriking arc the four brightest uf the planet's twelve 
mentis The remaining eight require very powerful nMrosio- 
inuial equipment for their observation, hut the four brightest 
are readily seen and their movements from hour to hour can 
he readily followed, in particular it is very often possible to 
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follow the movement of imc of tht mcxms as it paws behind 
the p3ti.net, u-r la eclipsed in J LLpiter'.:-, shadow. nr id sec tin: 
moon itself and its shadow- passing in front ol the planet'a disc. 

Saturn, the next planet, \i slightly smaJkr than Jupiter with 
a diAinotwr of about 70,000 miles. The globe of the planet 
is even more flattened by rapid rotation than is that of J upiler- 
Little or ug surface detail can in; necn evert in a quite powerful 
telescope, ami it is assumed that this surface is also gaseous, 
and at a very low temperature. It is possible to estimate 
the mass of any planet posseting a moon in terms of the sun's 
mans, Roughly speaking this is done by a calculation which 
compare the- gravitational force necessary to keep the planet 
in its orbit round the sun. with that wco^ary tn keep the 
moon moving round the planet I his tvpe 1 if argument 
applied to Saturn gives a very Lnw \ alue fair the mass, and 
patting tills against the total volume of the planet it is possible 
to deduce the very astonishing result that the density of 
matter in Saturn is less than that of water. This represents 
the average volume, and, amiming that theo-ntre u£ the piimet 
must bv formed of dense rock we are forced to the conclusion 
that, to balance matters out, most oF I he planet must be uf 
Very tenuous, probably gaseous, material. "3 lie chief glury 
of Sat Util IS, uf course, its ring system which looks like ,1 disc 
of material, IEjL n a±nl flat aid d it were cut mil uJ cardboard, 
surrounding the equator of the phmc-L Tht t:unr.Eitufkuii m 
three rings formed, at one time, one uf the capital problems 
of Astronomy., and the problem was solved theoreiu'aEly by 
Cleric Maxwell many visits before the «orrettn cm of his result 
WAs tun firmed obscrvatfofcafly, The png^< consist of a awann 
uf tiny mcrun 5 Ciicli possibly no mure than a few Lhti uhian dLhs ril 
ait inch Or a fe w inches —the exact size it is impossible to d-educe 

In diameter. At all events the rings are not opaque Fur 
when Saturn in its orbital motion passes tu front uf ,l s,tnr the 
star is not extinguished hut only dimmed. 

Present ideaa of the origin of the rings nrc? that .1 -itdlitc 
[jf fiatnm once approached to a certain critical distance from 
the parent planet, at which, zw an be dornon.ss.mu:d Lln'ureiL- 
filUr, the internal stresses in the satellite would be sufficient 
Lo shatter it to fragments. Tho partEdo* forming the rin^s 
an? thus presumed to be the remnants oi u moon uf Saturn, 
in addition Saturn has nine satellites of which the majorilv art 
very faint. 

The planets already mentioned have n proper place in the 
astronomy whjch anyone can teach themselves, although m 
fact, in describing them, we h&vc gone beyond our strict 
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liiMtiiitt. The remaining planet* are all telescopic -objects., 
a]though the hist* Uranus, lies only just l>elow tbs? limit of 
visibility, anil might just be glimpsed with the naked eye as 
an extremely in-conspicuuus object under the most favourable 
conditions if one knew where iu Jdok, It was discovered 
accidentally by Hcrecbd who at first wished to gi v-? n the name 
(fortunately it did not hod favour] ol Gcurgium Sidus— 
George s star, after George III. It has a diameter of about 
30,000 miles and has fivn satellites whoso orbits are ail in a 
plin* (just as lire the orbits of the planets round the sun), 
but this plane is arnosi at right angles to the ecliptic. Instead 
therefore of swing the satellites shuttling back and fore with 
respect to the planet, we can sometime* see the orbits of the 
satellites of Uranus almost That on, as circles centred on the 
planet Still further out comes the planet .Neptune, discovered 
in 1B46 as a result of independent mathematical predictions 
based on irregularities in the motions of bnrnus, by A lams 
rUid Levvirier. The diameter of this planet is aB.uoo miles 
and ii Iras two satellites Triton and Nereid, the latter dis¬ 
covered in 

l-astfy* in 11331 'Tombaugh discovered Pluto of which little 
IS known yxcnpt the details uf its orbit Tin- diameter ii 
3,6od miles according to .1 recent estimate and no satellite 
has yet been dkazovEred, 

l^renniul Q lie* lions 

Two questions, both ud answerable with certainty, are 
aiway* a*ked about the solar system. Onn U whether there 
15 life on any of the other planets, Thu other is how the 
system came into being and whether or Uni it i.-, unique 

The existence of life as we know it depend*; on tbe pr^senee 
of modem b. teinpcntlurt! conditions in which Large molecules 
snch as those of the proteins can persist* and on the prepuce 
id w f ater vapour and oxygen. It will immediately be apparent 
that no life as we know it can persist without special equip 
cal cut on planets like Jupiter* Saturn and the other extoimr 
planets, where the temperature is low, and where the moflit 
abundant gases preset are these which arc iLOximi?! to almost 
all forms of terrestrial life. Equally no Uttuih tmd Jdi> could 
exist on a planet like Mercury where there IS no atmosphere 
and elu water vapour, mid where on the illuminated side the 
temperature may Jar exceed that (about 30 deg tees centigrade; 
which produce* burn! smd tissue destruction, Thu only 
•r maining candidates m the -ular System are Venus and 
\5nri-:., Mars, in spite of being the favourite nf fiction, probably 








8 o 


I EACH YOU RSELF ASTRONOMY 


doe? imt present very favourable conditions lor tli 1 ? mam tern 
arice of life as we know it. The temperatures, though les* 
estreme than on the other pEanets. are rather low; the atmos¬ 
phere is verj r tlnn - ; carbon dioxide is present, water vapour 
pnstssbly present, and oxygen probably absent. ^ntfimbly 
Venus may offer a tnore favourable abode for Life, but bedms*- 
her atmosphere b opaque rttJ ktlOW little Of nntiling of con¬ 
ditions un the solid surface of the planet, The atinnsphcre 
contains abundant carbon dioxide, a jfsuu which, in natural 
occurrence on the earth, h often wwoe fated with plant life. 
Water vapour and oxygen have not been detected The 
fundamental difficulty of detecting, water vapour and oxygen 
Lr tin 1 atmosphere of a p!anei arises from the abundance <4 
these same suStances in our own atm Hyphen?. Generally 
speaking the presence of thac va|mufii in the atmosphere <4 
a planet could only l>e detected through a vwy slight Lntcnsi- 
fi eat km of certain effects which are already demonstrating the 
obvious presence an our own atmosphere of hirge quantities -4 
both these Eutstmnces* 

Theories of tins origin of the solar system arc legion; most 
of them Sravs: started Irom r consideration of the curious 
regularities exhibited by the vudous planets: the small 
planets art- nearest to the 1 sun? the giants am in the middle, 
while the outermost euc again small. Those near the middle of 
the serU-g have tJ ig most numermia Satellites there b also 
n rule called Bode's law which r roughly, but only very roughEy r 
enables one to write dmvtk tile distances of the various planets 
from the &uo by means of a simple arithmetical formula 
Some, but not uLEj astronomer regard this m u mere coinci¬ 
dence. 

Vhc qu^tion ut the origin of the Soliii syMrm lias hixin the 
subject of numerous theories* and heated and mmmtdigiavi- 
debate. SLij- ».■ ItG one witnessM the original i:vents, inid 
^ince they cannot bo repeated, they will probably remain a 
subjec t lor controversy indefinitely. A fact, ^^iblv of great 
’■L^ilhcari' r- i- that the age nf tile earth and the .i;:s■ of tin 
Universe are nf the same order nf inEigaitude. arid this might 
imply that conditions netessaW fr.ir planet tumml Fill ran itflty 
have obtained during the early ST-flgVS uf the history -4 the 
I' m reiw. N 1 i mV tuna 13ux jfles w I Uch i Ettprni h i 1 * m tti c * m ini l: r - 
between out mjii and Mother star have now hern, ?rwvpt away, 
and the theory in vogue at the present time relics on the idea 
of a mass of ga* within whirh eddies fuimnl. and provided the 
conditions w Inch enabled the sulLrl planets t'_- tie condensed. 
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Solar Energy 

The sun the source of ^11 the natural light and Krai of tin- 
varth, Apart from a certain internal production nf heal by radio¬ 
activity* it is t hi- hi ro.- of a M t he coi nb List ible fuels ava i)a uj l 
she earth. tJoaJ is derived Irani prehistoric forests which drew 
their emrgy for growth Irurn. the sun in ancient times, 0»l and 
petroleum, according to some views, are of animnl origin* 
-fcwing their growth to the sun. Wind power,, used fnr pumping 
water and generating electricity in some parts of the world, 
re presents, solar energy absorbed by the ait and water of the 
itmo&phirtf and oceans, giving up this energy in the farm of 
tin! motion of in asses of air. \Vncr power resources represent 
a con version of Polar energy Krtt into the stored or " potential " 
form of evaporation energy of water, and then into the poten¬ 
tial energy possessed by water lifted, against gravity from sea 
.avtil to a reservoir, All these forms uf stored energy are 
concentrated: but only part of the solar energy available 
has undergone this ecmcentra*™: the rest, by a fundamrntaj 
law of phy&tcm, has beconin [ess c-on^ntmied and Jess available. 
It may even Ijc claimed that the Sun ts tbe ultimate source of 
the fis&ile material used in ihe indubltkl genemriun nf atimiii 
l^wet, fur it Bueens probable that ihese heavy dements wetfe 
ns i gin-ally synlheskcd in the internns of = : llli - 

Energy received from the sun directly is such tlmt on each 
^nuaic cefltimetro there folia in each minute about two calories 
1 f heal energy, an amgunt sufficient ta raise the temperature 
i 1 two grammes -of water by one degree centigrade. Is is 
rathfr lea 9 than the energy received trom ail electric fire at 
a distance id a few fetrt. The total energy falling on a targe 
area of laud is mormons, but the difficulty i_=i to concentrate 
Lt and make- it available in useable form. " The qdy parts of 
the world where the direct list- of solar energy m al ait likely 
tu be practicable are those regions uf very low rainfall where 
the sun shines aJi nr nearly all the daylight hours; it is, there¬ 
fore, almost iflCVitablo that these regions should be dcaen 
area?, sparsely inhabited, where no use or only very slight use 
for the collected energy can be found. It ia nut surprising 
therefore, that although sitiiiil scale solar mergy plants have 

fti 
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proved practicable, the only attempts to utilise? solar energy 
commercially have been nnsudoessful - 

Without a tfjlfiftcapfr* preferably of very special design, 
tlit!rtf is Eiltle that can be dune in the wAV of *okl observation : 
but the sun is the nearest example to ns of a ^.li- and iL is 
the only star, which iippeara in any inaLmmrnt yet cunstnn ■ 
ted as mnitf than a mere point ei light. We? stud] theh fin> 
a gjyn gr) rather Giltsidp qur brief of '" Teach yoursf li aatrnlu i m V 
r«P say something about the structure and properties of the sun. 

Solar Structure 

The sun has a diameter of S6^ ooo inile^: it is a globe of 
gas, mainly hydrogen, having a temperature at the mirfivi" 
nf about 6.000 degrees centigrade. The temperature and 
density of the polar material must, so nil tbeoretin&J AE^umrntii 
indicate, rise steadily the deeper below the Surface unp Ri«■:> 
At the centre of the'sun thn material a d still ga.wons. but is at 
an enormous density and pressure. Ttur temperature there 
must be nf the order of ;o nidbon degrees which ™ sufhrieuUv 
high to cause splitting and combinations of the nuclei of 
a tools. These processes produce atomic energy in the form 
uf radiation, which filters very slowly nut through liuiulredi 
id thousands of miles of solar material, being aiMorlwMI ;irn| 
remitted many times, heating up, or rather maintaining rin> 
bent of the material through which it pa.w-* lirtally Liu* 
energy, much changed by its lengthy journey* arrives at the 
surface and gtw'S out into space as light and beat wiividl. 
This is believed to be the mods of gen p ration mnl emission 
of energy in all stars: it was tin: first suggested rs.insplr id 
Gloria ic energy, proposed a quarter nf a century *i£i i K as bring 
I be only conceivable way in which the slurs could pralLici! 
ansi continue to produce their titfmetiduut energy output for 
hundreds of millions of yearn. 

The picture sketched here is a very compress**! outline 
of the present knowledge of the star?, based on a vast mass of 
eRpwlmentaJ and observational knowledge and un theoretical 
deduction* made from it. There is no space io go Into iJeurib 
herej but it tan be said that even' pi^n of infurmatkiEi um-iI so 
hniMinn up this picture of the sun has a very sound ha^is 
in experiments carried out In terrestrial laboratories^ muds 
of this Information has a very immediate practical appli¬ 
cation lo industrial and other process®!. 

physic* Applied to the Sun 

One example ot the kind of arguments used, trading to 
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resulta which can be verified by observation, must suffice 
l he laws degcribEng the way m which hot bodies rad 1.1 te 
have been disco vpred in the labomtory, and Imv* been fitted 
perfectly into the structure of modem physical theory, One 
>A these laws says that its the temperature of a hot body in- 

- teases, the total energy radiated per second from, each square 

- eatmetro of ila surface increases in a certain way. Now, 
imagine a region juist underneath the surface of the ami 
the pressure of the gas in this region must be swfhcicnt to 
support Ule weight of all the Sayers of gas Lying above this 
level; this weight is due to the rravit^tioiial attraction of 



Figure 2fi 

RjvM !. 2„ 3, Si, 10, ([ tsn^mute ntoitr (hr sohir ;i twffitr i'm n 
tdyi 4“SS. 

ill the rest of the eufi. In the same way the gas pressure to 
tiie atmosphere of the earth at sea level most be sufficient 
tr- support all the air which Jiea aixwT. In tin* itmospher- 
n| rhe ear?h we know that the pressure decreases rus we ascend, 
■into there ig Eggs and Il-pS air above to Ijc supported. Ill 
tile same way, in the sun , which is sUE gas—nothing but atmoS’ 
phere an it Wum—the pressure must increase as we go inward* 
from the surface. This can be $kown to imply that the 
temperature tnust also increase (which is also true as'w-c descend 
through the atmosphere of the earth!, But now, LI the 
temperature increases, by what we just said about the lawa 
■ if radiation. the amount of light and heat radiated by each 
-luare centimetre of thf surface of each Layer of the stmS 
atmosphere must alwi mcrea-e* Since the sun is made of gait. 
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it is partly transparent, dial is, when we look at the sun 
wt ahaJl see radiation carmni' not only from, ih« vm r surface 
but also from a certain distant below the surface L-t u$ 
say, for the .sake of arguuiuul, that this di n Lance is a bundled 
mile^: that in we can think of thi^ both rm bciut; made of hot 
gaa, partly transparent, like n sort ot hot fu^, In which visibility 
is a hundred miles. Now let ue, it] unaginalLun, look .it the 
middle of the van's diac, (Figure 2-6.1 ‘Then OMf Tange of 
visibility of iao miles hikes ns in to a position to** miles 
Etelow the surface where the temperature haa a certain value, 
and correspondingly where matter emits a ccnain umoiifit of 
armrRy iia tlic form of radiation. This radiation i - \ lie %ht 
and heat coming from thu centre gf the euiiN dh- , mnl, by 
measuring It we can say how bright the middle of ihe sun's 
diHc appears to be. Now look at the edj^c «■ I the -Mjn’fc ills* 
Visibility in solar nxaterini will still Lh? about .1 liun. It«-«I mili-fl, 
but now we are looking along a lint which enth at a >misiL 1 iioi^r 1 
into the surface of the etui. Our hundred mil:. pr->bc imw 
no longer reachta to a depth of a hundred mites IhTmv iU** 
solar surface but to a smaller depth, Here Oic t*-m|■■■!*■ Line 
is not SO high, and the outpouring of rati Lat ion i.s Mn.ilter, I hat 
is tu say the Surface- brightness of the Sun 3irh r-h mid be h. 1 ^ 
than at the middle of the disc. Thu*, by 11 - lii .1 wnra <4 
simple physical arguments, each step of which the tea 11 it 
will agree "is reasonable, we oilBC U> 1 hei I'ntlcliiEiitill sJ 1 . 1 T Hu- 
edge of the sun's disc should be less bright than die nwdrlh 
3 'hLs is Juuiid td be so. Now reverse the whole nnbiisn J 'it nu as 
to start from the observed fact that the sun dimmer at 
the edge than the middle. Then, by actually measuring tlic 
way in which the brightness changes, and by refining ilie 
physical arguments sketched above, wc ran delertniitc ihe 
way in which the temperature changes aa wu go in wank from 
the surface nf the sun. This kind of reasoning does not 
provide n3 with information flbmit layers dfi’p below rhe 
sidar surfaces (probably not more than too miles or so). tint 
it does give ua a great deal of information about the most 
important part of the sun for ns, ihc outer nkm which we 
actually see. 

Although the sun is very remote, it is thus pnssildc to begin 
io apply knowledge of physics gained in the lahofittory £(* 
the study of the sun's structure and behaviour, and to make 
deductions from these laws which can I ■ chvi-ktd bi iibst'i\ :t- 
tium The picture of solar structure which we have at the 
present 1 ime is a jig-saw puzzle. some of whcn>c pieces are 
missing, white, to continue the metaphor, others which we 
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have in obit pns:* inn probably belonn to sqihc completely 
drill " l-i/-I-. We; have enough in be fairly f.ut«i of th'i* 
litfiwral outline* of a pood deal of the picture, but 
important del.tih at* cilialng, or distorted, and there is much 
' one rut'Tsy river these doubtful parts of the picture. Utj- 
|i irtLsnati'ly. as we have said. almost the whole of this picture 
Ju - * wdf outside tli j - lierms of the brief " Teach yourself 

^ .jv”. The physical structure uf thu sun cannot 

lw investigated at all without irutniraetitis. and therefore 
should nut command aitenticm m thi^ book. But. on the other 
hiirul the Aim is the utaLy star for which a fairly complete 
oltjfcrvatjonal investigation u ever lakeEv to be possible. 
Wu earniat ignore it if we wish tr.i give a balanced picture 
ill the way in which astronomy is now devnloptng. What 
wc- have dealt with sn far—the ehtmeiiLs of the astionumy of 
position ami of navigation, the constellation^ the move¬ 
ments of tlic planets, and so forth< are ail important dcfiart- 
menis of astronomy, bat they am departments hi which the 
main bases of knowledge are ail firmly founded. What can 
1 1 Lipjhen in these departments in the future b no more than a 
slight improvement of the supeortniutnrn nf our knowledge, 
It is in astrophysics, the knowledge of the physical structure 
Ii[ the Stars and of the sun, that the most exciting futurw 
developments tie. We cannot therefore omit the sun from 
our discussion, and we shidl compromise by giving a brief 
nut!me uf out present solar knowledge. 

We have already outlined the way in which a typical prob¬ 
lem nf solar structure may be approached This problem i% 
In effect* Li problem of the soklt surface, that part of the sun 
which is accessible to direct observation with the eye or the 
photographic plate. Thp temperature of the solar surface 
has been determined by com paring the quality of the light 
which it emits, that LS the proportion of energy emitted in 
light of various colour*, with the light emitted by matcriuls 
in the physical laboratory which am maintained at known 
temperatures The neautfc whiell have bee It found by this 
and iFtlier methods yield values close to 6.000 degrees centi¬ 
grade* At this tempcmtiirc, which is almost twice as high 
|k - that of airy terrestrial furnace, all nutter is gaseous* and 
almost all chemical compounds we dissociated into their 
elementary atomi. Physically speaking, however, it is 
Tint a very high temperature, and is far below that needed 
Lii riwtuih the nuclei of atoms: or. to put the matter another 
way. it is far lower than the tempera tun gefiemted in regions 
where splitting of atomic nuclei is taking place The tempera- 
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hire which obtains for a brief [ruction uf a second in abt- 
material of an exploding atomic hnmb, before the materiM 
iBirins i.i.i disperse and cool off, is much more relate iscrnt ol 
the temperature which, is continuously maintained at tli" 
centre of the sum rather than at its relari vdy cool surface 

As we hiive seem when we look at the gun ive art apprehend 
j Sl u r^ot a simple surface but something wiiufc lias a structure 
m depth. This outer layer which wc can observe directly 
iS often called the solar atmosphere by scientists. Like the 
fttmoffiphere of the earth it has changes—weather if you like 
even though it is not, as the earth's atmosphere i■= bounds! 
bdow by a solid rarfijeia. On the contrary, in the sun all h 
g A s i and the aotnr □ tiunspbere merges imperceptibly into the 
deeper layers of the suiTh structure. 

SuMJWts 

The most striking of these climatic phenomena are the iUlm 
spots^ areas of relative darkness, and lower temjwrature, 
wliich, however* srem dark only by con Emit with the blinding 
ji K ] L t of the Test uf ihe solar surface. Sunspot* entered 
modern Astronomy through telescopic ubsservatinnh., hut they 
wure known to ancient astr-cmoixHam sines,, rather rarely, veiv 
large! Spots or l visible to the IlLiki d t-yir urttlt u r suitable -roll hi 
iitins, swell as, for instance, when the sun b seen through 
a thin layer of cloud. Sunspots occur almost at random, 
j .1 _[ there axo certain regularith^ ab?ut the times and position* 
uf their appearance. The *im b Totaling about an stein. 
Jiut as a solid body must, with each portion taking the saint 
tnuc fat a rnvolution, but in the manner characteristic ol n 
sphere of giis. in which the surface near the equator revolves 
in a shorter time than that near the poles. The rotation 
period of the solar surface near the equator b about :s days, 
lining to about 34 rLiys near the pulis I h- *nme point on 
i Llc sun's equator is opposite to the earth about every - j da ys 
dlls is the synodic period uf the axial rotation of the sots, 
and the orbiteJ motion of the? earth: A sunspot which luats 
lung enough may thu^ reappear at intervals uf 27 day*. 
Most mmspote Last only a tew days at must before gradually 
disappearing, but some large groups are sufficiently long lived 
to make several reappearanccE. The form and number nE 
The spots in the group will usually change from appearance to 
anpeiruflcc. 

It will be noted that the fact that the sun rotates enables 
,IB Data rally to define and use the kteas qf a north and south 
ym\e on the mm uE a solar equator half-way between, and h 
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Plate I. 

Tup : Cakstial congestion in the iStfc e«mwy. Two pa|*ea from 

ii I renth translation. dated J776,. oJ !■ Lamsteed's Cclcslia] Atlas, 

slwwmn Orion, 1 ,epija, Colusnh^ MttiOMrofb Canis Major and 

Minor, and parts of Cancer, Hydra, and Arg-£L 

RoUman : Tintt ftipssuf* showing InLL (itcKin r^ing in south 

luMtuiic* a6“. The angle of rtsnag is Ear steeper than in highea 

latitudes, 

















Platt II, 


Top . Four views ol Jupiter, with, in one, The satehlto Ganymede 
ini Ll- shadow. 

Bottom Twii views of Maf6. -iliowiii^ pofiw !vipn t ami surface 
ilntai]. At ri^ht !iUis Lh seen gtbb^ufL 

(vtfirtmf H’liicm Obsrrvaiory pkBtogtvpb*,) 












Piatf MI. 


Top : Saturn. (jtf photograph] 

Butte m : TJia Im^hL oumErt ol HHBr 

(RaJohJfn Obtrretikrty photograph.) 





Plate IV. 

Tup ■ The Soathem Cross and Lcrnl Sack. Thu phutusnaphic 
plilie i-x^tTiUuti the hfighliiessstif blue stars aicumpamJ with red. 

\Harvnril QbttTVutory pkviagrnphA 

Bottom : Siappa Crtictt iHcrscheJ's jewel Box) a duhtur ui st ass 

Ki! v, wUle range ul colour*. 

\ RmUliffi i-'tifl r fc J tiny pholvp itpkr) 







Plaik V. 


Suliif pitototffiiphtt. Tlm-i- views a l Top aru lvi mrtnuiy li^lit and 
in selected teikiurs. Sunspots and associated bright c 1 11u.I-. .m- 
seen. 

M Lddk: Direct pluHtOfiiapk of ttmapot group, and of same group 

in selected colour. 

lioCtoin . A ssin&put grosip nraniig the t-dye ul thr disc at tit 1 nuu 
iuUUw- The piicjlL^mpJw imaclc in a selected tubun art 
separated by an interval of two days. 

[MtMaih-Htaiheri Qb&ervvivry pJutivg?apAi.) 









Plate VI, 

Th u tutal subr i'Llipac of October HI, !^|u. Tn\r . fcotnJ ptu^e 
with cofftim vLfublf. 

Bottom . The end of loldbty with Ligtit tuning 4 owei a I Linar 
volley (diamond rmg tfiuclj. 

i;Ca/w Observatory photograph >.) 
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Pi .ate VI 1 


Tap - Hie GloluJnr i. luster m Hercules 

INttuni PftfamtMf photograph imih ie-itsi-ope.) 

: t'artiaJ ccJipew* of run of Nwmfeier ajnL 
interval fj| tana holir Feparatcs the two crposnrra. 

M««rft-lrJF fmj r^grci : By E/,5., G£«r votary,) 








FtATP VUI- 

Top Making Ltu.’ minor for the 3z-incii toksscopi.- vi L he Md km;i I cl 
ObscrvatfHry,, Texa,!* 

{Photograph, Watnet driJ Sir.j Jty Company* CUvr.Iamd, -CJAio-J 

Bottom: Foucault test ul a fcnnJ mimn iVIl miflUt# fttjrfiftce 

scratch** rt^rlily pfotiwr up. 
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think of thd Bolar lali-tsa-cle of any paint oei thn sun*s aurtia , 
Sunspots occur in greatest numbers just north and south t\i 
the solar equator. \Figure zy (a) }, They also vary In their 
11 ll lie I uj i with time. Although sunspots of almost any hlkc 
aiid in alrnobt any numbers mv occur at any tune, slatiMk-. 
show that on thi- average they appear in greatest numbers 
fl VQTY f:1 e ve n years (Figure 27 ) Cc f, During the early part nf oac h 
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Figure 2? 


i.j i rEiiuiMV which r pot,\ occur; (Af spoil i^mr in ^tiriJunti 

iVrtiJltf t! Jti thi hlatb qrrcii, l'.#. itf taowr /d/tfudfi hlft JH 
.■y.i,i^ cyck; (gj graph ikecrin*' numbers *>/ $pots oh.5mrd a 

11 -year cycle a few lather smaU spots appear in relatively high 
northern and southern latitudes. As the aunspot cycle weans 
Him, the flpoij become mote numerous and larger, and appear 
nrincr f>te solar equator. Finally, at tin end of a cycle, flip last 
\\mti-, uf tV old cycle are appearing doss to the equator 
similltaneimaly with high latitude Spots of the now cycle. 

Hxiii Uv how thE? sunspot cycle U generated it is impossible 
tn say. It must reflect some deep-seated change in thocondi- 
ii' « - if * hr sun. The spcit'j thomielves are in tile nature of 
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vortex structures ranging m s-t^e from a few thousand* of 
miles m diameter up 10 spol groups with sizes of several 
hundred thciufcaEid miles. they are the seat of cample* 
rotary and vertical motions of gases, and often of very intense 
magnetic fields, which, at the blackest part □{ each apnt 
(the may exceed the largest magnetic intensities 

produced in terrestrial lutaatories, The spots shade off into 
a zone of intermediate brightness (the penumbra) wh&m there 
are often many complex radial tongnc& of gas. Round the 
-.put* may appear t-tTeakss of fottra brightness while over them, 



Figum 

Sittfch of wn.ipnt jM*. ikoutn^ grumitutinn $*f mtfoe* umf 
prwnifttwftf nirr ibf sputa, 

stretching perhaps tiundmU of thousands of mile^ nut into 
space, them may be areas and of These last 

wtructnree an? lallerJ prtnrnnfinttx and require special equip¬ 
ment and conditions for their observation. Spots often uccur 

ir pal re of opposite magnetic pd arity—like thr two opposite 
magnetic centres at the ends of a bar magnet. In same 
rases no second spot can be observed visually but the mngne- 
LLsin can be detected because of certain rather subtle effects 
which it has on the hghi emitted ftum this rngtnn. (Figure i S. 

It is possible that the suu emit* rather more light and heat 
at times of sunspnt maximum; this rather pantdoskal result 
would be due to the fact that although the area occupied by a 
sunepnt itself tii darker and therefore ncniLs lesa light (tie 
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mirmuEiding urea of the fuh 1 ® surface will be more disturber! 
und tile extra bright streaks already mentioned may more 
than compensate the losia by their iflenjased r&diilttdn. 

Torres trial 

ijno nd tbt- effects of the 51m on the earth is produced by 
the abruption ul the invisible ultraviolet light uf tile 5 u11 
ill the atillLitpheft; of the earth, particularly by tvater vapour 
Jvmj o£on«* This is f urtu tiate since tin? human skin is sensitive 
ti> ultraviolet light which may cause burning or tanning gr 
i-ven much more seriam damage. At high attitude the 
I srotectivu cover is diminished because of the reduced thickness 
of the air barrier: in very dry desert climates water vapour 
i 4 b deist absent and s»o tii^rc i * it-sa protection li i i \ not 
unknown III some plates for the very intense ultraviolet 
radiation received un the ^kin day after day over many yt j ars 
In produce cancerous lesions. We have therefore good reason 
to iw thankful for our protective air blanket which merely lets 
through enough of the ultraviolet light to give us a ^oud 
* nmfortnhk inn or our seaside holiday. On the other hand 
H itos iiien'iii (.hat in onhnury □bsfcrvatinn of the SLtU we are, 
It Weir, coEnur blind because- a great part of the tigbl 
emitted by the sun never reaches us. However, in recent 
vi cim u good deal of work lias been dune by projecting rockets 
carrying suitable automatic recording instruments to heights 
Wbdl above Ullt main part of the ftimoaphfre qI the earth: 
our kijijwlcdfc of this moat important part of the energy 
i hue 1 1 ! by lhi< sun has m I'cin^qutti'icr rapidly iiHuiM.si -1 

The energy absorbed by the earth’s atrno$phfflTj doas not, 
however, disappear. The upper Layers d the atmosphere of 
the earth are changed by the act’ of absorption. In thew 
very tenucHia layers at heights of f*Q miles or so above the earth, 
i he v fleet of absorption of ultraviolet lit^il is to cause Lhe 
emhaiob of electrons from the atoms nf the air. An atom of 
which an electron has been emitted in this wav is called an 
im and the production of an inti fs called ionisation,. Al 
normal prnsaures, emitted electrons are Snapped up bv 
wandering inns almost nt once. but aL v®v low po-^urch 
there ran Iw a perceptible interval between the etnbsmn uf 
an electron and its recapture. This means that a I high allt~ 
t tides the earth's atmosphere consists of matter in a partly 
dissociated State, When an electron is recaptured by an ion, 
t he energy originally required to split the election oif an 
atom ri remitted as radiation. However, althungh the 
original cneygy causing the ionisation came in a beam (toiu 
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the SUB it is re-coiiLted in ad directions giving a gent-raised 
diUuae feint light. (Figure ay.) At night these recombina¬ 
tions are -still going on and are responsible fax the faint light 
of the night sky. , , . , 

The existence of these electrified layers at great heights is 
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Figure *9 

1 1 ?) ,4?i aJ 4 ?ph ii %-fa wa bw or/eril bj-jJ h ^'hJ up 

as gi (fr}; (c] jjbwt Aw a beam of Hgki is rttfttr**/ 4r>- pr»™s. 

of importance for many terrestrial purposes. Wireless wa-vea 
entering S hem an? turned from tliefcr original direction much sf- 
light Tsaves incident on a layer of heated air may be turned 
Sii as to produce a mirage. This turning enables the radio 
waves to be received hevonil the visible llOrifcOtl, and indeed, 
hv repeated rejections between the ujiper layers and the sur¬ 
face of Hit earth, they can reach right round the cireutti fereUCe 
:rf l he globe. Wireless reception of London in Australia or of 
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New Yen k 111 Britain is entirely due to this m pea ted reflection 
of the waTB. 

TIid behaviour oX the waves dcpcml 1 ; on their wavelength. 
The reflecting kyers have a complex structui'C and retlcc tanns 
uf Wil vc* of different wavelength! ar frequencies tikes plane 
-d different liL-igbfcs, Since the structure of these atmospheric 
layers depends on the emission uf ultra violet light from the 
nun, it follows tint if the intensity of this light should change, 
then it may be necessary to switch a lung distance radio 
fciLLusuiitter Cram one wavelength to another. As the sun 
go^ through its cycle, it Is believed that the average total 
intensity of ultra violet radiation from its surface change, 
and there is a wall-marked correlation between the spotted ocss 
id tin- -iun and the most suitable frequencies to be used for 
long-distance radio communication on the shorter wavelengths. 

-Solar Flares 

However, in addition to this general variation, in rhythm 
with the i>ULLspot cycle of eleven years, there arc far "more 
L-atastrophk short pertud change. Of recent years a great 
11 eat of Attention has been paid to what are called solar rla ns. 
Only Tncsiit esrceptioaaJly axe these largo enough and bright 
enough to 1 m‘ visible without the nidi of special instruments. 
I ti brief what happens is that in the neighbon rhood of a sun- 
spoi there will suddenly appear a small area (that is amah 
by the standards of solar dimsnilpm} of Intense brightness,, 
which after reaching a. peak of brilliance, fades away iii n time 
"i the order of twenty minutes, perhaps changing its shape 
and hemming drawn out intg a filament as it does so, Juyt 
at the instant when tlie flare appears, sensitive magnetic 
instruments on tins earth will register a small disturbance. 
At the same time, a very intense outburst uf ultraviolet 
radiation Come* from the Jinre region which, on being absorbed 
by the earth's tipper atmosphere, so steps up the j lumber of 
free 1 1 1 hctrnn b in it that short-wave radio waves are absorbed 
and CO mm unicat ion is Interrupted, This eEcct may last for 
auSiLe knur? on the side uf tJ-Lu earth lumed to wards the Sun 
fit the moment ef the appearance of the solar Oarr However, 
this is nut all. It l=i almost certain that the flare area, in 
addition to emitting ultraviolet and visible Eight, also sends 
out a stream of positively charged porticies fions), including 
U.1I1E d( calcium, These arc sprayed Out into space and if the 
flare happens to b*> suitably placed on the sun. then bv the Hum 
tile particles have covered the distance from thr> Earth to the 
T <nn, ihe earth wilt run into the stream af tonn When this 
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happens thv magnetism of the earth wdi cau^e them to swerve 
and to strike the upper atmosphere of the earth mainly in the 
neighbattrhocHi of the north and smith terrestrial magnetic 
pules. The ions then pick up free eSeutrons and in other ways 
stimulate the upper layers of tin 1 earth s atmosphere, so as tu 
produce the bright Lurtaitis of light known as the autma 
borealis and aurora ii&tirahn, {Figure 30.) At the same time 
this Stream of moving electricity prnrhires magnetic distil r- 



Figure 30 

|.idj Normal iranimLtiinti of radio wiuei and intertupiitui by 
rarfiflilfnji from a tolar fiati; urn* from the noa ratat aurorae. 

bances called magnetic alarms. It will be clear since the 
earth and the Hate region cm the sun's disc have to be in 
suitable relative position a that il will not always fplinw that 
there will be aurorae, rad in fade-outs arid mag no tic storms 
each time there is a llajre, Nqr will it he certain that a flan!' 
will occur even when the Sun's surface is greatly disturbed 
by the presence of a Large group of sunsputs. However, on 
a number nf occasions sunspot turnips of such great sire have 
appeared, that flares seemed almost certain to occur and 
successful pacts dictions. were then made. 
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Although ii is impu^iiblfi fur 13ic* mnatcur, lacking inatru- 
rnenfe*, tn sibrserve suEsir Hates, their cfFctia ran often influence 
him . The radio " ham" may find communication inter¬ 
na pled by fading due to fives: radiograms to dtsiacH 
friends may bn delayed: m Northern Europe n-r America ur 
in New Zealand aurorae may lx- seen. Auroral phenomena 
aim in fact rnucll If?- rare than one might imagine, and ahm.i 
mal brightflciyi of the moonless night sky in places remote 
from ac tifu iol light can often be detected even when nsaljy 
striking aurorae cannot be seen, Thu remaining effects, such 
as the magnetic disturbances are. however, too small to be 
detectable except by ^prcial instruments r even in a moat 
violent magnetic storm the disturbances arc much smaller 
that! those wtkJi can be measiawi even with moderately good 
instruments, much us. lor example,, th ose possessed by a school 
physics laboratory. 



Figure 31 


Observing ihe Stm 

It i-. pn-iiible with the md of a small telescope ox 
types ol field gbwsc* tn observe sunspots of large size. DO 
NOT UNDER ANY CIRCUMSTANCES U K>K DIRECTLY 
AT THE SUN THROUGH A TELESCOPE OH FIELD 
GLASSES UNLESS THE INSTRUMENT IS PROVIDED 
WITH DARK LOVER GLASSES OF ADEQUATE 
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STRENGTH SUPPLIED BY THE MAKERS SPECIALLY 
K>lt SOLAR OBSEH V ATIONS. Ctemp the telescope ur 
glow* to a suitable post or stand—preferably you should 
have some way of swinging the iostriWnt to follow the suu. 
as the earth rotates. Point the instrument at tike sun by 
receiving its shadow uji a card : when the telescope is pointing 
at the 311 n the shadow of the tube will just be a ciitl it, Then 
having done this you will find the sunlight earning through 
the instrument and by focusing the image on to a card you 
will obtain a picture of the sun and of any sunspots which 
■may be present, A gued plan i* to fix the card with wire? 
to "the bodv of the instrument in approximately the right 
position. |Figirte 51 .) Then you will have fewer things to 
■manage. You may have to observe for several days before 
big spots appear even at times of [maximum spottedness, 
w'hile at sunspot minimum the period may bu longer. It is 
however worth wbilr to persevere. You will also be able to 
see that the edge or limb uf the sun is darker than the centre 
of the disc. 

Im professional studies of the huh e very bng telescopes 
producing very Large solar images are used, I liese are often 
m tl» form of fixed instruments of great length into which the 
sunlight ia fed by a mirror slowly turned by a motor in such 
* way that the reflected beam of sunlight goes down the tube. 
Telescopes of this tmd with lengths ttp to 150 feet, giving n 
solar image more titan a foot in diameter have been constructed, 
and with 1 their aid detailed studio of phenomena on the solar 
surface have been undertaken. 

Radio Waves from the Sim 

The sun emit* nnt only visible and ultraviolet light; it 
also emits radiation of greater wavelengths : those just beyr^nd 
the range of visibility we can derect readily enough by then 
heating effect on gut sldns of, more scientifically,, by special 
photographic emulskms or sensitive heat receivers- At 
Still greater wavelengths — of the order of a few centimetre* 
or metres, we enter the band of ultra^horl-wave radio waves 
used fot radar. Gfmeratcins and receivers of mch waves 
were developed during the war for the hn&t time,, on a scale 
>Koeedin^ that of tJaa laJboratory, and apparatus of this kind 
Ihlh been put to a variety of uses, some of them m astronomy. 
For example, signals ou ultra-short-wave radio which will pa^ 
through tbo dednsD layers in nur upper stPV»pb«re have 
been used to produce Echoes from the moms*. The moon 
emits no radiatmn «f this kind itself, and meitfly served as a 
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M-rlectur in tbbM: experiineBtfL Jluwtvcr, an tin 1 last tew years 
it lias been discovered that the -un, re rcuui stars,, and certain 
kIninf nebulae anti doutia in space are vmitu-r- of sh.tL 
wnve radii i tows which can be defected by means >-«fifigciiJoiJN 
iiihd cacnpbcaf®ri apparatus The Inst decadi- has --ecu ibi- 
growth of tin- wienie ■ ■£ radn* astronomy < a completely now 
ami rapidly pmwtn^ Held which bids fair tn rival urJinary 
visual Lirtrr.jjir.isny- Thy is, however, no field fny the am at fur, 
ami wr Huifil here cuii title uunselvts, to a brief reference tu the 
mdio afttrrmnmy of the sun. The short wave radio emission 
of the* mm is of two types nne type represents timtsskiri by the 
sun rm n whule jind js more or less steady; hut in addition, 
suijfij.njt areas and Hare areas emit during times of distil rhanu: 
kind at it-urb linu's the rarJip intensity received from the sun 
increases greatly. Reception is possible on a variety trf 
wavelengths and there is some uncertainty to how fin' 
phenomena in the different wavelengths van "be titled tu^athirr 
i« . Firm a coherent picture nf what is gumg on. One difficulty 
is flint. < nnsTilercdas telescopes, the various forma of tad in 
rr ■ river which ran he usitsf are not very cffidi-utt. In order 
to form ii detailed pictun- of what is in finni of it. a telescope 
-*r nrl array of aerials must be manv times larger t han the 
wavelength id the radiation which is being employed, For 
ii visual ideiidjpt employing waves of n wa.vr length of, say. 
50 mi] Him tbs of a centimetre the instrument diameter is 
a J ways very ninny time* larger than the wave] rn gt h of i he¬ 
rn d hi. tion. For a radio receiver working on, say, 50 centi¬ 
me ire* wavelength* the Be rial array, which lias to be swung to 
follow the Bum, cannot be many times the wavelengths of 
tile radiation witliuut bccutding very large- The instrulttent 
developments of the past few yeans havr Ew.^n devoted, on 
i he 1 mL- hand, to rbr? improvement ol resulntkjn by the ng'e of 
intricate aerial emd recording systems, and on the other, to 
increasing fitmftivity by i riff easing the sise- nf meraHjr 
retlcclots iL-rf.il to enneentmte the incomaig rays. The laj-gt^i 
equipment now in uhc, the fool diameter re Hector nt 
jndreh Bank. Cheshire, is of a size undreamed of a few years 
ii^o. Installatiums ul more mildest mrt have sprung up rfhnnst 
I iy the dozen in count] ick all over the world. Radio astronomy 
l an 1 h- 1 carried on in all weathers, and, whan sources other than 
the gun are being investigated, at any time, day or night, 
that the source is above the horizon, With improved rW> 

I Lit c< m iiu d sensitivity it lh impossible to predict limits to the 
potent in] i lies uf this new astronomy, which is complementary 
to iordinary visual astmnornv. 

D* 
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Solar Appendages 

u« have already described sunspots as tent# disturbed 
prrua of Ltie solar' surface find have mentioned that verv 
nltnn tit ere nr^ to be found r above and near them, utba of 
luminous gas, often of very great size, which are known as 
pro eh i nances. These ana nut visible by nrdijiary direct methods 
of observation, but a variety of special methods exists which 
c-.in be used, Prominences are legions in which free electrons 
are joining up a Rain with iona l .it unis deprived of one or more 
dertronsj. it is a characteristic nf suns that when they re¬ 
capture an electron they eflftlt light in certain ecApum or wave 
lengths which are peculiar to the particular type of ion 
involved [conversely, one wav of prodming an ion U to throw 
a beam of light of the Tight colour up to a group of the atoms, 
the atoms then pick imt the special colour which suit* them 
turd oath ejects an clectrom I bun the light of prominences 
does not rearm blc the light emitted by sin urdiimry liut. body, 
such as a lamp Of glowing irutt, but is more like the light 
emitted by the type of street lamp which has become popular 
of recent years, employing either noTcun- vapour nr sodium 
vapour, In each of thrs* types of lamp the gju utotw ate 
ionised {that is c-lretrans are split nfl them] by the colli don 5 
produced by ending through the pjas a stream of fast moving 
L-lettrons, This stream of electrons is in fact no more than an 
electric current passing through the gas and is, maintained by 
applying a tiigh voltagu between two wires inside the tamp, 
Then, later mi when the ions so produced strike the walls, 
or otherwise get possession of an electron, they recombine 
and emit light, in thin way the energy 11 wd in maintaining 
the electron streams is converted into light. 

To revert bo the prominence^: if we cun manage to separate 
out the special wavelength* emitted by tin- recombining ioaa 
in prorninETiccfft, the brightness o[ these clouds can he greatly 
enhanced as compared with thsi rest til ihr solar surface, 
which eeuiLs tight nf all wavelengths, and m this way the 
prominences can be made visible. Pmmincncw contain u high 
proportion of hydrogen, and. if the hydrogen light can be 
separated out, the distributing af hydrogen in the prominences 
can be studied, A whole new subject of research has been 
opaned up in this way : tlic* promInenct* exhibit n'markable 
structures' arches, plumes. streamers attd the like—many 
nf which are in Very rapid motion, 

Tlie only hope which the amateur has of *»ing & «i»r 
prominence 15 by arranging to view* a total solar eclipse 
Chapter vn whets the bright light of the suu's disc is cut off 
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Uy the mwffl .im| tim relatively faint prominence can be mu 
with tile naked rye. In Fruncc and latijr iii the U.SJL 
--Ins! rlaewhcrr u teelmique Jjli.- bucci tfevuloprd in whuh ..tn 
.irtdkiaJ eclipse is treated 111 rlvsurt regions where tin? :nr as 
tie* id c]otidh. r moisture and dust, and where, in cohseqiMiCs 
the proportion, of light scattered m the attnu^pheie U small, 
it ia piviuibU: to hold up a threepenny piece (the silver kind] 
at arm's length and to cover the solar disc SO effectively 
Hint miB can luuk d irectly at the sun without d 15curn fort- 
Mimi is never pLrad’blu in a wot climate like that of England 
If one were to ^o to a high aitltude where there was even 
11 '“-S air tii cause scattering, one might attain to a condition 
whprt- tin- :\ky was relatively dark even quite close to the son, 
■Liid then it might possible to see the prominences peeping 
Tui] 111! die: edge of the threepenny piece- If it is ever possible 
tu t mvc 3 to - ■liicr plats its by rocket ship, prnminenecs will 
be ode of the sights to look for* One might view % hr. sky 
from behind n screen just Lii-ge enough to hide the sun's disc, 
and then, gainst tUv complete blackness of the sty. see the 
=ii.iJjir prosnintiiin-h standiri g out as pin k arches and loops. That 
is for the possible future: in tbr- present there are several 
st£LtkiEis at threat ulLLLudes in inuuntaimms region^, including 
oiie 1 >11 the Pjc du Midi tie Bigorre in the Pyrenees amf one at 
Climax. Colorado. LLS.A., where the technique developed by 
ivf, Bemarrl Lyot t he French astronomer, is applied/ With 
many complications and much refinement of technique the 
method used is, at bottom, the simple one of putting up a 
disc to liide the sun and observing a rmg of sky round its 
edge. Both groups c.lf workers have projuced films of the 
prominences observed Itl this way which show the meet 
delicate structure .tad movements of the gases. 

Thu Chromosphere and the Corona 

So fat we have Upoken of the solar surface and a certain depth 
below it: of the iuJifepots which penetrate like cool funnel 
some way into the surface: of the prominence* which arch 
over the spots and of solar flares which mu mainly but riot 
entirely a phtnotncnoti occurring in the surface and ju*t above 
if- The sun lias two more appendages which wo ha ye not 
vet, mentioned—the chromosphere and the corona,. The 
chrums sphere ilitnally " colour sphere ") ia a thin layer above 
the solar surface cstersding upwards far perhaps 10.000 
kilometres. it. ia SO called because at times of total eo!ut 
eclipse* just before the moon completely covers the sun. this 
layer as momentarily left visible and shows us coloured red. 
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II ia a region somewhat like the prominences, which extend 
upwards ftfPHi It, in which electmns ami ions are returnbtaiiilg. 
In consequence it emits a Lifiht uf ^cullar aort -almost 
entirely in certain aalectEd wavelengths Of colours charac ter title 
of the different su Instances in the layer. Its constitution is 
still a mailer for debate, and phy^tcai condition*. them an' 
obscure since, in some respects, it him characteristics appro¬ 
priate tu a temperature much higher than that of the sun's 
Su flute; it +pr-rri3 dlngicaj that a layer further removed fiuiU 





Skfitk fo/fir surface with '* firauy " 

jnd ,'j ini corona; th* pr,wKi*fHjc*i are moving into the wwJ 
/kh net of the *un±p'&t* 


the central beat of the sun than the actual surface should have 
a temperature higher than that surface. The chromosphere 
again 3H a feature of the sun which is only observable outside 
solar ■eclipses with special instrument^. 

The second feature referred to is the curcmaj agahi nnJy 
observable in tht ordinary way at times of total solar eclipie, 
hut . hhc the chromosphere and prominences it can be obser ved 
by the e pedal technique developed by Lyot, some of which 
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2 iav* already bt^r, described. It is erne of the c unities of 
astronotm Lai history that the coraa* must Jui vc been seen 
U Y Hterally thousands of people before it was realised that it 
existed. it appears as a pearly white radiance surrounding 
™ SS3n nnd extending outwards to about one solar diameter 
Fruiii the edge uf the disc. It is so faint that it only becomes 
Visible when the moon cuts off the direct sunlight, ‘ Its 

» about nne millionth of that of the sun, or about half 
iliu.t of the Etc 11 unxm. Its shape varies with the Sunspot 
:vH«. being almost uniform round the sun at times of ianapnt 
maximum, but dujwin* streamera train the north and south 
pules of the sun at times of sunspot minimum. Of recent years 
these coronal structures have Inin closely studied and attempts 
have been made to correlate them with features, a tick as =nm- 
-‘ip-its, appoBrfn^aEi the surface of the sun, but without a great 
™ of success. The explanation of the failure to realise that 
L11 ~ c <™tm existed (at later times it was thought that it was an 
appendage uf the rtioonj is probably explained bv the face that 
H resembles nothing so much m the- sort of halo of light often 
H-eri/round tJie - HLiE1 mtxm when it is obscured by cloud, 
ami it w\\ii probably assumed that it repre&nfed no more than 
lj-i.- 2 i^;ouiuJ light coining from the .sum This explanation i* 
riot tenable. Iiec-ciuse the presence of such bnckgtxmnd imbt 
pTHiitpposes the existence of a cloud of scattering material. 

I Jus is not the c&se, Bpacq roynd thu sun being effectively 
empty. (Figure ji,) J 

To return to the corona itself- if the solar atmosphere is 
a puzzle. the ialu coronn is a mystery, and the pieces of 
tnformfttion about its structure which bai-o been obtained 
sierve, in fiuiiic ways, merely to add to the obscurity. The 
cotma contains atoms, but they are highly intiked (that is, 
t r ach atom has lost many electrons) aud for many years tlicv 
were unrecognised in their denuded form. Now "that they 
liave tmn recognised as ordinary atoms of calc cum, iron, 
nitrogen and so forth, the puzzle u to explain how they 
gut mEu this stripped stale■, since such a degree of Stripping 
'f characteristic of a very high temperature indeed—a million 
de^rreos cefltij^railB! or more,- But the corona floes indeed 
appear trj be at such a temperature, for it is possible to measure 
thu average velocity of agitation of the electrons lofcntng 
a considerable propoxtion of the particles composing the 
corona, uiid thu degree of flgh ft tion indicates a similar tenv 
peretme. ilm physical basis of such a measurement is 
that the higher the temperature of matter, the greater the 
degree ol agitation of the particles—atoms, electrons and 
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m forth—which compos* it Increased aviation is inseparable 
from increasing temperature, and, in fact, to say that the 
atomic of molecular particles are mewing taster is no mute than 
an either way of saying that tins IhhJv containing them has 
bcLnme hotter. If'the corona, wen? not hot, and if ions and 
ejections were present together, the electrical attraction between 
them would ItHui to the immediate capture of the electrons 
by the ion*. The high ve Luc idea of random agitation make it 
ui llc hi hinder lor the ions to capture the electrons, and enable 
the material to remain w a diiwciatod condition, 

{he corona is continually radiating energy out into space, 
its temperature and degw ui esedtatkm munt, in some 
way as vet unknown, be continually maintained from bdnw 
by the fiiuch cooler sun. Just how pamdoiicad this situation 
is ran be mdfeed from a perfectly fair analogy: it i* almost as 
if We put a kettle *if water on a block of ice ami found it merrily 
boiling awtiy. 

After this most ennkiry survey we must leave tile sun: 
we have dealt with it only in go far as solar knowledge is rehit«I 
to xmiru ur less familiar terrestrial things, mch a* radio, and 
m so far as we shall need solar properties in the e^pliuiatkm 
D f what is to follow, it Is now time ttP return tu OUT brief 
and ta discuss truce mare the kind r-f astfomitny which one 
can teach oneself. 




CHAPTER V 


COMMON PHENOMENA 

There i=i a CQtttidsrilblc number of astrimofTHOal pheJluJimin 
which car be observed without u.,e u>f any instrument 
except the cve r These fall ilLtu twu convenient classes, 
oimninn ancj rune, 

Under the heading of common phenomena w-: ska! I include 
Itie zodiacjil light, meteors, ore illusions and variable stars. 
Under ihe heading of rare phenomena we include eclipses, 
cornels and novae. 

Tilt Zodinciil l.i£hl 

The zodiacal Light is a permanent fcaiuie uf the alty but it 
requires somewhat; special circumstances for its observation. 
In the lei.-st chapter we said that the space round the sun 
was empty, but. Like many statements tn astronomy tliu is 
not precisely true. In the plane of the ecliptic, that is the 
pf.i-n^ nf the? orbits of the earth, and approximately of most 
i.f the bodks in the solar system. there is a good deal of dust, 
will! powuMy a proportion of piirtitdes □£ mnrc considerable 
ai/pe. its the space between the planets, ThU dust scatters 
mj alight and therefore can Lie sc^n as a very faint luminous 
cloud. It extends east and west of the sun, along the ecliptic, 

■ uid been use it is faint, tin- sun itself must fcte hidden if the 
^■Kliocal fight is to- be Seen: the phenomenon is bc:St observed in 
places where thu si in h ns far belftw the horijenn as possible when 
a point A few degree-* cast or west of the sun is ju^t on the hori¬ 
zon This means that the best place for the nbservatsnn will be 
one where the huti almost vertically, I hat is, sn or near 
t lie- tropics, However, even in temperate Latitude a the light 
can be glimpsed. One should choose a dark clear night and 
try to sen ii from a plhce remote from all artificial light- where 
the horizon is free of otaiructions. It may then 1*3 possible 
tu see one end nf a faint oval patch of light extimdmg from the 
pLiHition of the sun along; the zodiac or ecliptic. It is probably 
raiLer to see before dawn than in the evening,, because the 
whole Sky is then darker, the cold of night will have settled 
weather conditions, and ilu? eve will be more rested and more 
capable nf seeing faint itluiutnatlnns. It may be of help to 
ofifl a trick familiar to all astronomers, that of averted vision. 
This depends on ihe fact that Use Liu man eve contains two 
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types of sensitive dements. Those near the centre of the 
retina arc sensitive to bright lights and can register colour. 
In daylight when one looks directly at an object it is these 
elements which are operating Tlie sensitive elements at 
the edge of the retina are rciponsive to faint tUmnliiAtkm 
hut do not respond to colour, lire two type.* of dement occur 
all over the retina but arc more numerous At the centre and edge 
respectively. These edge dements come into operation when 
one sees something " from the tail of one's eye " and normally 
in daylight, if the object 13 Interesting, ttbt swings one's eye 
round until it is the centre of the field of vision: that is, until 
the centre of the retina is being used. But nt night this 
process brine* a l^ss sensitive jKitt of the retina into use* 
and it can readily bet verified that a star which is just visible 1 
out of the comer of one's eye will disappear when one looks 
directly at it. Astronomers wishing to see a faint object 
therefore use averted Vision p and deliberately took at faint 
objects out of the comer of the eye. This require* some 
practice, becati&d OUT normal habits make it difficult for ns to 
luring out attention to an object without St thn same time 
bringing it to the centre of our field of vision, Witfci practice 
one can, however, avert one's gaxe without averting one’s 
attention. 

It to believed that the dust particles responsible for the 
production of the rudincaj light cat end Out from the sun to 
a distance greater than the distance of the earth, and there 
should, therefore, be a second very faint patch of brightness 
visible in the sky in a. direction ejtactly opposite to the sun. 
Thla patch is called tlic Gegenschcin (German l counter light) 
but it i* ejetrerndy hard to observe. It should be looked 
for as a circular light patch several degrees in diameter on 
very dark nights round midnight, dU. the meridian where the 
ecliptic crosses it. 

Meteors 

Meteors, nr shooting stars arc extremely common phenomena 
and a systematic watch of the eky for even a period ef n few 
minutes r mar,, at certidn seasons of the year, show dozens nf 
these objects. 

The name " shooting star " » a misnomer sawturned by 
usage, for although meteors do resemble stars which have 
fallen out of place, they art, in reality, of quite a different 
nature. Most meteors are of the order qf Uic size of a gram 
of sand and awe their large temporary luminosity to their 
impact, at velocities which may be ns much a® 30 Of 4a mile*: 
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pet EcCnnJ, on the ntmosphtfm of the earth, Vcr> detailed 
thought has been given to the enact Way in which this ,H burning 
lip " of a metcur takes place; we Heed Hot go into that At the 
moment, and the crude picture of aniall surface particlea 
bcin^ torn off the Burfacin of the meteor by the frictimi of tile 
tiir as it passes through. will suffice for m, The detritus 
foritis a tail of luminous gas which may remain for a few tenths 
of a second, or in exceptional cases very much longer, to make 
visible the path af the meteor. After this interval the gas trail 
amis down or is dispersed hy air movements. All tin? normally 
takes place at great knights in the Orth's atmosphere, roughly 
the same ns those at whjch auroral phenomena occur (say 
30-60 miles) and the light emitted fey meteors- can, when 
suitably analysed, be used to give information about physical 
conditions at these great heights, Meteor? by the million 
bombard the atmosphere of the earth every day and night, 
and ail bat a minute proportion are consumed Long before 
they reach the aurface of the earth. This is a fortunate 
circumstance, but occasionally mctcOTB of much greater si it? 
arrive and can roach the earth before being consumed- Hies* 
ai -■ a great ratty judged by the total number of mett-ors which 
arrive m the atmosphere, but meteorites (as rreteoritic stones 
are called) are fairly common objects in museums, They ratine 
an size from small pebbles, up to gigantic freaks weighing several 
toils. The largest known meteorite fell in 1910 m an unin¬ 
habited area of Siberia and laid hat the pine forest*: for 
miles around, each tree pointing neatly ffwfcy from the point 
of impact. Sis the result of the air blast net up by its passage and 
concufidon. This abject must have been of a very great bize, 
perhaps hundreds af tans in weight. Meteorites n 3 J contain a 
high proportion of iron and are generally divided into two 
classes, stone meteorites and iron meteorites according tn the 
percentage of the metal which they contain. In Arizona tftwe 
S3 a crater about three-quarters af a mile across which is 
presumed to be of meteoritic origin, and magnetic measure* 
nn the door of the crater indicate the presence of abnormal 
1 mried iron masses. In other cases lumps of iron put to all so rts 
mE use* have been recognised as meteorites; one r in Mexico, 
which was in the form of an iron loop was found being used as 
an anvil. 

Most meteorite* in museum* are iron meteorites, even 
though these arc believed to form only a small proportion of 
ah meteorite* which fall. The reason’is that iron mr-teomes 
aie much more easily recognised for what they are. They are 
black in colour with a smooth surface covered -with shallow 
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indentation^ known, from their appearance as thumb prints 
['hey closely resemble the tniirks which am W make in wet 
i lay hy thumb pressure* The microscopic structure of the 
material of iron meMta alao sliowa a variety of cliamtierifi’ 
Lie patterns which. enable the material tn be identified an of 
met critic origin. 

The origin of metenra is still uiaewkt mwturimB and it 
is a matter of some doubt whether they at] prigLuate within 
the scalar system, or whether some arrive in nur system from 
outer space, ft is possible tu plot the shape of the track along 
which the meteor ls muring if there is enough ohservathmai 
material available: if this is a parabola or a hyperbola, then 
the meteor must have com^ from outside the solar system. 
If it is an ellipse, then the meteor lias been moving round and 
round the sun like n minute pSaflet until it accidentally en- 
countered the atmosphere of the earth. The difficulty is 
that these threi fe curve* closely ramble «ac another over 
the small arc which is olraervable, em ,4 it is nover possible in 
any individual case presenting any doubt to assign the: observed 
curve to one tvpe ur another, Opinion seems to favour the 
Idea that all meteora originate within the solar system and that 
they represent, os it were, the remnants of the buiEding 
processes of the planets, or the fragments of sumo disrupted 
planet, 

Iti one caisc it b possible to derive certain definite informa¬ 
tion about the Origin of metersri. A great m.mv meteor* 
seem to appear almost at random, coming into the atmosphere 
from ail directions. Those which happen to be Itioving 
against the direction of tile earth's rotational motion conv- IP 
Very fust: those overtaking the earlb come in at a much smaller 
relative velocity- I3ut id addition to these fc [jumdic metenr* fc 
metoor show fir* are observed The properties of thra* aliawm 
nre consistent with the idea that there exist in space streams of 
metEwra travelling along elliptical paths pound the sun. 
When the earth happens to cross through such a stream lftigc 
number:-: uE meteors will be seen, and all of them wIL appear 
to be radiating from a certain point in the sky. This in an 
effect of perspective, because all the metcort in a stream are 
moving parallel m each ether In npuce, but as observed, they 
appear to be radiating (mm a given point, rnnrh aa the light 
fa vs from the sun [which are oil parallel) appear to be diverging 
from the sun's position when the rays are seen coming through 
hole?? in a fayei oi doucL (Figure yjO This point [called n 
ra^ianf) is actually in die direction from the observer parallel 
10 the velocity of "the meteor relative to the earth. 
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l he- origin uf these meteor streams ig well lirideratcmcL 
Certain comets wliich moved in orbits rciu 11-d the sun. and 
reappeared periodically after a fairly constant number oi 
vears, havr h in the past, disappeared. This has been due in 
the progressive break-up of the comets into smaller and 
smaller fragments, which., in couree of tune. have become 
epnsad oust into a stream, tailing each other found and found 
the son. and marking the eUipticaJ titbit which the carnet once 
followed- In one case, that of Eida's cornet* this breaking-tsp 
process, nr rather the initial division of the cornel I Etta two 
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Figure jj 

pftrt& wh actuaily observed. Later tlicse hirge fragments 
must have d&hltcgmted still further for eventually the Cornel 
Was replaced by a recurrent nset-COr shower, appearing each 
year at about the same date when the eartli passed through 
the stream of fragments. Tlio oxbtencc of a number of these 
Htreams is well known and they have been given definite 
names. For example there are- the Lyrids about April 21st. 
the Ferscids about August T Ztll r the Orion ids abunt October 
iyth, the Geiinmdi about December 12th and several more 
The PcTMflds and Gem in ids give the most abundant meteors, 
li is in be expected that the earth will |jasi through somt 
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streams during daylight Ed UiaE they will be unohserva-hk- 
in the ordinary way, and this expectation has been confined 
by re 1 -L 1 nt work using radar methods. The ionised tail Imft 
by each meteor is capable of reflecting a abort-wavsj radio 
wave and of giving a pulse on a radar reoeivi ns? set. Ely sending 
up beams of shart-wav* radio waves, workers at Manchester 
were able to detect a large number of pulses at certain tinted 
and these have been identified as a meteor stream encountered 
by like earth doting daylight. 
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Figure :i4 


The qb.HurvallOl] of meteors is the field par excellence in 
which the! amaceur without any apparatus can render tmpgr- 
tsuit services to aatxssttomicnJ research, A meteor passes 
above tin' earth at a relatively small height pv 5 ° °f ij0 
miles, so that an observer at one place will ate it in an Entirely 
different dirf-rtkan From a second observer only a hundred 
miles awav TIll^o Changes in the apparent [KwitLou, length 
and direction of the path are the means whereby the true 
track in space mnv be determined, (Sec Hguie 34 ) A 
meteor observer must mentaLly note in the few tenths nf a 
SKomJ during which the path 'is visible, the fallowing data' 
&he position of the beginning of the path, the positiran of 1 he 
end of the path, and the time of flight To <!o this he must 
be able tn identify every visible star in the sky h for hia method 
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of marking the position of the beginning and end oI the path ts 
to not* It* posUioti relative to the nearest visible start. Then 
ho can mark this position on a chart and. read off its co¬ 
ordinate (right ascension and dtcLiixatiou.. The meteor 
observer alls or lies on hla hack in the mm-st comfortable 
position possible, and notes down the data for each meteor 
whtch ti. «ea. toother «itTi the time of the observation. 
Un> results of each nights work may bo seat to one of the 
astronomical organisations (see list at end of volume) for 
analysis, The analysis goes something like tins. Observer 
A nt town X saw .1 meteor iff great brill Lance sit H.50 p.m n on 
January 25th, Observer B nt town Y &uw a faint mefeor nt 
0.49 and a brilliant one at B,jt* Observer C at town Z saw 
a brilliant meteor at S.4S. The probability is that the watches 
of tha observers were nnt quite accurate, and that the brilliant 
mmeot seen by A, B, and C PS the same object. All agree 
that it whs travel Ling roughly from cast to west. Assuming 
it is the y-iiirm meteor we Compare the data from the three 
sonnies, A calculation shows that A mid B together make 
1 be starting height of the truck miles white B ami C 
together make it s 5’3 milts. In the cnd r dm solution which 
fi f * the facts test may be that the starting height was yyj 
mih a -3, the finishing height. 36-4 miles, the speed 37 mllca 
per second and the dirertdon 3 degrees north of wegt„ Su. 
three observer have contributed to exact knowledge of yet 
another meteor. Ji may ^mnd a little pedestrian, but it ia 
a piece of that priceless and irreplaceable coin mod it y. reason¬ 
ably accurate information about nature. There » no otlier 
way to obtain it except by this rather laborious procedure, 
and If vou should feej inclined to try your hand at this kind of 
w-nrk them arc plenty of nr^ animations which will welcome your 
aid. The greatest meteor observer who has ever lived was an 
imcktriiir, the late \V, F. Denning, who lived in Bristol. 

Octal tationB 

ITm observation of occulbiiimis is another field of m- 
j,eandi ill winch the amateur can do good work, but a small 
tel^cope and a reliable dock or atop watch are almrwt csaeDtiah 
An ocnultutirm occurs when the moon in its monthly motion 
round the Sky passes in front of a star. The am which are 
rj-iculted lie near the ecliptic:, but the motion of the moon is so 
complex and the rate of travel round the ecliptic of the node 
11E ita orbit (the point where the orbit cuts the ecliptic) so 
rnpid. Unit a rather wide range of stars is occulted at one tim.fr 
or another. The chief piece of inlnrmglloii to te obtained 
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from au occultatiau its an exact location of the moan at that 
prirtLCulaT instant, and tin* reason why this tniomMiori is 
impGrrant is that it enable* astronomical camputens to deter¬ 
mine small ertor terms in the morion of the Hum which, over 
the course of year* may steadily build up into something 
quite appreciable, There is a certain source of em>r in the 
timing of oe-cidtations in that the surface of the moan is not 
smooth and,. II ;i mountain should happen tn be sticking up 
at just that part of the moon's limb which Is covering the scar, 
ihfn there may he a difiurunce of several seconds between ihr 
artLial time ol the necu Station and that predicted for ih*’ 
smooth rrtoqil- 

A&iiin there U a considerable importance in the olviervatJOii ot 
occuitiitkini by observer scattered over the surface of the 
globe. The moon is relatively near to US, and a change of posi¬ 
tion from the northern hemisphere to tlie southern mav corres¬ 
pond to a-change- in the apparent pertitkm ul tile IilouU ag&ittBt 
the background of the stars which is suflkierit to produce mn 
nccultiLtiun as seen f scout the southern hemispheric when m 
the north the moon just graces the star, or vice versa. Again, 
longitude is import a at; it rii-kre rather mom than an hour for 
the moon to crtifiS completely in front of a =rar, and the 
wlir i|i pmrrss rsiitv Lave been Completed as ncett from orte 
longitude before the moon has risen as seen tom a place 
further west. Thus it is desirable to have observers equipped 
fgf obtservirtg occultation-s at places scattered all over the 
world, giving a coverage more cnmpEvte than that which <:m 
be given by the professional obFicrvatoricfi. 

Predictions of the times of occultationS as Seen from various 
parts of the world arc given in advance- in the Nauiifai Aimttnm'. 
and tables* arc included hu that all observer near one of the 
standard stations can compute very easily a corrected time 
fur his owti location. Two points dealing with additional 
refinements are worth mentioning. Work is- now bring done 
on the profile of the moon's limb at various conditions of 
librarian, so as to permit corrections to be made for slight 
alterations in the time al an occnltati-nn produced by mountains 
or valleys at the moon's edge. Secondly, m the ordinary 
way, since the utoon possesses no atmosphere to cause blurring 
or bending’ of the rays of light Looming from the star, the 
extinctioEi ol a itu or its reappearance should be quite mslan- 
tan eons. There is a certain optical effect which should 
increase this time to about id thousandths of a second, but, 
in general, all stars should disappear and reappear in this 
rime Htswever, it is believed that certain stars—brijdit 
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t-tirri of targe diameter -aiiotild present a th 1 stable disc, ton 
SttKkll to be seen m any telescope but $iii!sci«‘ntly IflJge to 
make tlie time Df extinction 'm these cases about «HC-tentll of 
a second, rn pari u uiar dunng the pa^t years r here has been a 
11 Iocciittationscif Antares (a Scorpiij. a star which is Luo far 
south to be occulted except when the moon b abnrjminJly 
far south l~iF ths? ecliptic. '1 he period occupied by the extinr- 
ttijit of tight of Antares has now been tuned and has been found 
to beafabut o - to second*, comspoiLdiiig- to an angular diameter 
nf thi■=; star of about 0*04 seconds of ftTC. 

For the amateur with a small telescope of, say, three inches 
a|WtUTK t tlir procedure (or timing an OCClil tatiou b the 
1 1 jJ I owing- First the expected time found by loottiug up 
the tables and if necessary applying a correction, Thun a 
stop watch ij> synchronised with true Greenwich o-r local 
s-tEiikdiud time by pressing the button ort the last pip of the 
•jin-pip time signal at the fast available signal before ihe 
■ ^rnltatkwL Then, linking through the telescope the observer 
P«ssk the button again just at the moment of disappearance 
nr reappearance of the star and so detenuintfs tile time intervaJ 
from the Last timf 1 signal. 

Vuriablo Slurs 

Variable* stars are stars whose brightness vanes for one 
reason tit another. Setae variable stars vary almost qt nearly 
regularly in a definite period of time, The shortest known 
period 15 rather more than vine hour; periods iisnv extend 
up to several hundred daya or longer, It is possible to divide 
variable stars into two quite definite chiittfs, according' Lu the 
cause of the venation of the light. 

Lb tichpsmg l-Vrirtfi&j 

The hist clar-;. the eclipsing variahlej;. owe their variation 
to the (act that what is apparently a single star consists in 
hurt of two stars* so close to one another that they are amt 
separately illitinguiskhle. The two stars move round one 
another. describing orbits round their common centre oi 
gravity, much ax the planets describe orbits round the sun, 
™ t'pl of course, that in the cam? of the double star the masses 
nl the iw . i umpuiiejil_s arc usually more nearly equal than 
are those id the Sun and a planet Jiuiavy of this type 

aru by nr. moans uncommon, indeed, something like a quarter 
of all the star? in tbs sky art believed to be double. What 
makes an eclipsing Unary Star out of a system of this kind 
m tliat the plane of the orbital motion pa£»ra through the earth 
Thus, from the earth we xen the orbit edp on, and tins two- 
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star* appear to be shuttling back and forth aLou g a line. When 
tliia condition li raised, ilie.n at each circuit each star passes 
in front of the other as seen 1mm the earth anti cuts oE part 
oi 3ts light. It foliowi then that the curve or graph shown^ 
the variation of brightness pi on eclipsing binary star should 
be fairly easily recognisable by certain features of its shape. 
We should expect to sec? a brightness [corresponding to the 
total light from both ptara'l which remains constant for most 
□ f the period of the cycle of variation Then, quite suddenly, 
there should be a rapid fall in brightness to a minimum 
which corresponds to the light from only one of the Stam 
Then exactly half the period later (that v if the orbits are 
circular) the second star should eclipse thr* ftrat. The situation 
is slightly complicated by the fact that tin- two stars will 
not have the same radius, our the same brightness per unit 
area of surface. This means then, that if star A is bigger 
than star TJ„ then when A Ly in front of B, only the light 1 rom 
A wdl be visible. When the positions are reversed and B is 
in front of A. part of the light of A only wall be cut oh. while 
that of B will all be visible, The depths of the two minima 
ill the curve of the light variation will therefor® not be equal. 
It may often happen, for example, that a pair will Consist of 
two stuns: a small but very hot one. giving out a ^reat deal 
of light per unit area, and a large and much cooler one, giving 
out hq little tight per unit area that its total brightness Is le^ 
than that of the small star. The interpretation of light cutv^ 
of eclipsing binary stars so ns to deduce the radii and surface 
brightnesses of the two component stars b a matter of no 
little difficulty, particularly when the* piciiire is less simple 
than that which we have sketched and when certain additional 
romplJcaiing phenomena are present. However, it may he- 
instructive to work out what the light enrv* ought uk he: m 
a simple case, given certain data about the tw r o stars involved. 
Then it may become dearer how tbc process can be Tcvctsed 
and how important data about the components of nn eclipsing 
binary star can be deduced from the observation of ita lighi 
c urvu- 

ut US suppose that wc 3 m ve an Hiring binary stal vitJi 
a period of to days; that the two Stare move in cimdai 
orbits; and that the data for the two stare arc (Figure 35): 

"Star A; Luminosity (L& total light tmittedj = 4 units 

Karims =» 1 unit 

Star B: Luminosity = 1 unit. 

Radius *= $ units. 
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The total luminosity ii 5 uikita, and, except during an eclipse, 
this will be the brightness of the system. Suppose we reckon 
time so that aero hour Is at the moment when ntru B is just 
neutrally covering star A. (In real cases the orbit may he 
slightly tilted so that the stars do not appear to pass central!v 
over each other. J Thtn. at this moment we cat! r>nly see star 
B. siuc.r it is larger than star A, and all we shall see wiJI be 
the 1 unit of light which B emits. Therefore at this moment 
the luminosity of the system as we see it will be down to 
20 per cent of normal, ie, there will havE! been a decrease in 




Ujl- brightness by about 1-75 magnitude Then, as time 
goes on, the stars will separate, hut, after 5 days the position 
will be reversed, and stir A will be centrally placed m front of 

star N- Wp shall. [HDO jail the light from star A [4 unit 1 ?) and 
part l if the light from star B. It star B is reckoned as a 
uniformly illuminated disc (this Is not true in the case of thr 
suu r unr lor must stars'!: but, just supposing star B has a 
uniformly illuminated disc, then we &ha_l| sec that portion nf 
it which ta not hidden by star A. Now star A has a fifth 
of the radius of star B, and hence one twenty-fifth of the area, 
m that when Stai A is m from of star B, we shall still get £4/35 
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□ I B's light. This fraction of the i unit of luminosity which 
B emits, gives us o-gG of a unit of light, stud this, together 
with the tight from A give a a total of 4-^6 units of light instead 
of the normal 5 units, Thu* this minimum in the Sight curv □ 
represents a reduction uf only about 1 per cent in the tight ur 
about o + oI magnitudes. which is probably too small to be 
certainly observable. This is what happens in most eases 
of eclipsing binaries, but in cases where both minima are 
observable? it. should ti clear that estimate can be nmda 
rjf the Individual contribution made by each component of 
the pair, and it may also be passible lo estimate the ratio of 
their radii. The importance of eclipsing binaries may be 
judged by the fact that this is one of the very few methyls 
available for obtaining any inful mation whatever about tb& 
raritl of stars. One uf the chief difficulties is, of course, 
fcp know an editing binary when we see one, and it ia worth 
while to call attention to further features of this type of Sight 
variation. 

If we assume the stars to be uniformly illuminated discs, 
then, as long os one 15 in front of the other, it ciiiCH nut matter 
whether they are centrally placed or nut. As soon as ouc set* 
fairly in front of the other, the light received dues not change. 
Th lss the ndnhiia will have flat bottoms. Secondly, these 
minima should be of equal kmgfdi unless the of bits rin? very 
elongated, for In the case of circular orbits with the stars 
moving round at a constant rate, it will lake star A just as 
long to cro^ss in front of star B as It takes star B to erneja in 
front of ^lar A. f-aatly, it is important f.n note what propor¬ 
tion of tlie period is occupied by the eclipses, for this gives an 
indication of the sizes of the stars, in relation to their distance 
apart. It the stars were very far apart compared with then 
radii,, each eclipse would lake only a sraalt fraction of the 
period. If the stars, were relatively very large in an extreme 
cay;, if they were almost touching each other—then star A 
would start to edipse star B almost as soon a-s star B had 
finished eclipsing star A. Obviously the details of the actual 
situation are su^eptiblr cif exact calculation from the obser- 
rations, and in this way data of great importance have been 
obteunod- 

Onc naked-eye eclipsing variable star IS I he star Algol 
fp Pereei. Map a}, an editing binary' star with a period of 
about 69 bouts. At maximum it is of magnitude at 

primary minimum about 3-5. The shallow' secondary' mini¬ 
mum gives a diminution of Sight of less than o^t magnitudes. 
The diminution of light at eclipse lake-* about 4} hours from 
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fuH briglitn-eafi to minimum. The times of minium of Algol 
given iti ItJi tinker'* Almanack, 

fii; Intfimk VarialAe* 

The second class of variable stars is the class of intrinsic 
variahle*, Here we Mvts to deal with a single star in each 
case, which, for reasons not at all well im3»rstood B varies 
*ta light output. Tin- reason is to be sought in the structure 
r| f such a star, trading to a situation in which the atomic 
rni!rj^% ! output at its centre, ami the mutual gravitation of its 
l-^rts are not in perfect balance. Hence, at some timas theit 
is too great an output nf radiation. leading to the star's puffing 
it^df up to a large radius. This is followed by a period of 
GflUapsft, when the star contracts in. on itself, pushing up the 
pressure and texn perature at its. centre, and stimulating cm re 
mme an lUcn.‘asL?d output of energy. 



Figure 


A considerable proportion of stars shows this land of 
vurLiibUity to a greater or leaser degree. Sam* are as regular 
dock work. Ushess exhibit Irregularities of various sorts, 
Ittuglng from mere variability of period or of brightness 
n^i- \a uz] almost complete lack of system, One type which 
ibi at great importance in litroHomy arc the Cepheid "variables, 
a type? star nF high intrinsic iutuiiiosity which varies with 
great regularity m a characteristic way. showing a relaLively 
slow FaJZ i if brightness followed by a more rapid rise, and a 
pc in"! ill finrly constant length- " (Figure 36.J Wo may, if 
wc like, think of I hr tilam of this type as engines, pumping 
away quite regularly. The smaller, fainter stars pump vcry r 
taat [in a matter of a few days) while the brighter dw arc 
like heavy old-fashioned reciprocating engines with a far slower 
cycle of variation. This relation between intrinsic brightness 
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pcreod ui light variation Is what motel the Ceplidd 
variables important: they are oxtremdy bright tmd so are 
visible even Jar out in tbc depths Of space. \ knnwtedge of 
it* manner of variation enables ns to recognise a Cep fund 
lor what it is, however faint it may appear, Oneo it is ruc.og- 
niued r the knowledge of the period enables ns from previous 
rraearuhes to assign a definite intrinsic brightness to the star, 
Finally, the comparison of bow bright it look* with how bright 
we know ittu be intrinsically, enables os to estimate its distance 

from us, _ _ . _ , . 

The prototype of this class of star b Delta Cephisi i M-tp i . 
which varies batwwo magnitudes y<* and 43 in u penod of 
yz 7 days. Uthcr naked-eye variables in the sky are Polaris, 
(the pule atari and Eetelgeuse. in Orion; oven the sun, with 
its 11 year cycle of variation may possibly 1 m: classed as a long 
period variable star. Another famous variable is o Ceti 
inira Cutii (Map 2) which. at irregular Intervals averaging 
330 days, drops from a maximum brightness of about magni¬ 
tude 3*5 down to about 

[t is impossible to go into details of all the various types 
intrinsic variable stars, except by writing several books on this 
subject alone- The short disrrusafon of the Opbddu must 
suffice as an example. Tluey are the type about which most 
is known and which are r?f the most use in other braiithe^ of 
astronomy, but she variables of other types present a tremen ¬ 
dous held of research, which, so far. is dotted about with a 
boat of somewhat an related discoveries, still awaiting inte¬ 
gration into an ordered pkture- 

\\ r hai concerns ub now is that a few variable stira can N? 
observed by the amateur even without a telescope if he knows 
where to look for them and how to set about it- However, 
he must remember that be can hardly do useful wtrrk on these 
abj ects and muni treat the naked-eye variable stars merely aa 
a hobby undertaken for his own amusement. Even a three 
h]ch telescope can, however, bring into view large numbers of 
fainter variable stars of which hu can make useful observations 
which wiU be of value in research. The rflle of the individual 
amateur is again here a minor one: his work may eventually 
form part of a sweable m ass of observation who*; analyses 
will lead to further understanding of the stars which be has 
observed. Addresses of organisation* taking part in this 
work are given in the appendix. 

Observing Variable Stnrs 

lire method of observing variable stars is Temple enough. 
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I 'Lit requires skiJL and pmcli.cc tm reach the greatest pitch of 
effectiveness* Setact your variable star, or ask the organisa¬ 
tion to iiiggcst r.'iiit-, and either from a |ood star atlas or from 
■l catalogut' „ i it from your own ol iscrvation. prepare- it diagram, 
showing what the Ecld of stare round the variable looks like 
its your tde-scoper. {Natstfaliy one can do the same for the 
iiaked-eyc VTuiftblt stars i You should choose stars covering 
.1 range of magnitude rather wider than the rann« of variation 
to be expected in the stiur. These selected stars axe your 
comfuu inJiii stars and should, not he variables themselves, 
sini-e tin- method is in Compare the brightness of die variable 
-tar with That e'lf the selected comparison stars. Supposing 
fur example your star Ls expected trs vary from magnitude 7-0 



to about magnitude Sm and that in the held ui your telescope 
you can End stars nf magnitudes 6 ~Z r 7'&, 7-ft and S'S- Call 
these A. B. C and D. (Figure- 37.) You must try to imagine 

a certain number of steps of brightness between each of tbest?_ 

say 7 steps each of 0 ~i magnitudes between A and B. 1 step 
liefcwe^n h and C, and j] steps between C and T>. Then, 
maIcing a note of the tame at which you do so, you may observe 
(hut 1 hr variable ptar ip tntermedlate in brightness between 
A and B and not much brighter than B. Comparing it with 
the brightness steps which you have imagined, you decide 
that it is two brighter than B, TWa means that you 

estimate die brightness as 7*0 — a x n*z = 7-2, A little 
Later you End that the variable has dimmed and lies between 
C and i\ and you then assign it a magnitude of ft-3, in 
practice,, it is found that independent workers estimating in 
this way obtain results not very different from each cither, 
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Mid tliat by thia method one can really measure something 
fairly objectively find accurately. 

Light in the Atmosphere 

\Vc conclude this chapter with some phenomena which esm 
Si* observed with nut the aid of iiistnuuerLts, Them are nut 
strictly speaking purely aatrcmnitticaJ phenomena but llt*- 
concerned with the passage of Ligh 1 fmm the heavenly bod fir* 
through the Barth's Atmosphere.’ This is naturally a matter 
of the greatest interest to astronomer* Twinkling of the 
stars is "caused by dtetuxbaiice* nf mth-.-r small sMe m the 
atmosphere. Onp" can. perhaps, think of them as Colnmns 
or eddies of air K moving mom or less Independently of *&ch 
other, each with a diameter of about a few feet. When star- 
Sight passes through one of these eddies it is diverted slightly 
from its original path, and hence there appears to be a small 
displacement of the star in the sky. I^Lt lends 1-s« the rapid 
and irregular changes of position and of brightness which we 
know as twinkling. Again, an air column of greater ctanrity 
them usual mav cause a cQiivergtmce fir divergence of the rays 
coming to the We. This refractive effect Is more marked fur 
the blue than for this ml rays. In the case of very bright 
stars like Birins, this separation of the light of different colours 
may be visible as Hashes of different ctrtmired lights in time with 
thn twinkling. In n large! telescope nf a pufEcLeut diameter 
to cohect light which kes passed through a number -if these 
columns nf air, the mfvn seen is ofti-n not a shifting nf a single 
image, but the su perdition of a Uttfdber of images slkillini; 
at random, so that, when thr " seeing " is very bad. A* it 
may be in a b%h wind, the star image is blown up like n 
balloon of fu*cy light. 

The bending or rtfraction of lifiht as It passes through tb: 
atmosphere is anotherwell-established phenomenon- This takes 
place as the light passes from rarefied into dens+^r layers of air, 
and is mure marked when the length of the air path t£ greatest* 
Le. when the star [3 fairly low down on the horiion. The 
effect is to bend the light rays slightly round the curve of the 
earthi so that the sun and stars seem at a slightly greater 
altitude than they would Ik lit the absence of ait atmosphere. 
(Figure 3H jal (b) 1 This eJTect normally amounts to utuiir 
thing like half a degree for a body on the horizon, So that the 
sun appears to set late and rise early, in consequence uf thb 
atffictfpherlc effect, by about two minute*. Scattering end 
refraction of light in the atmosphere are the cause of twilighf, 
Refraction Is allowed for in tables of times of rising and setting 
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of tbt. rijii and mourn K*fraction also makes the hnn-zon 
rmirr- i?c than wmiEd be computed by a purely geometrical 
formaln such as that given in Chapter i. The refraction in 
nr.it the- aamir for light of all toigurg. The blue raya are bent 
more tbi-m the red III addition the blue light is seal ter eel 
preferentially by the atmosphere— as witness the blue colour 
of Die sk y. Normally these differential: effects do not matter 


fc« 





(b) 




Figure jd 


m 


imich, ImL when the sun ts setting, interesting effects may be 
observed, Ty observe them a full unobstructed view of the 
wL’scern tmrmui is necessary, and care must be taken not to 
daiaJe Die eyes by 1 miking directly at the setting sun. A duud - 
less ^ky all fiea provides ini excellent opportunity. 

The differential refraction means that we see a red image 
of the sun, ami a blue image of the sun at slightly different 
positions just at Mir moment of setting, with the red sun Die 











JlB TEACH YOURSELF ASTRONOMY 

lower. It miy happen that the red Cun 5i. Es completely while 
the bluu remain a Still Visible' at ralhcr, the blue image Woplrl 
be visible were it not .for cJie greater scattering of tbLs colei ur. 
The red light being inauffirimtly betit by refraction, cannot 
continue to get round the bulge of the earth as long ns lh* 
other coin on- Tim blue light Is scattered and merely goes to 
form part at the background, In favourable atmospheric 
circumstances an intermediate colour, green, may be left 
an that just at the moment of setting there may be a flash 
of green light on the horizon, It tnuM be emphasised that 
this Ls not the general turquoise blue or green haste which is 
often seen above the Horizon at sunset and which persist 
for many minutes. The green dash is a more dru-matic 
phenomenon, sometime* tatdng the form of a transient 
plume of green hre which lasts onJy a few seconds. 

This picture of refraction pllenumcrka is a simplified one. 
Often there arc CalU plications due to tile formation of layers of 
air of different densities -tilts can happen, for instancy near 
heated surfaces of stoat- or tarmackdimi or over deserts. 
Then the refraction of horizon tul rays inisy far exceed the 
normal value quoted above, ft may be possible to see over 
hills which normally form the skyline, qr. at sea. to have a 
range pf visibility far iia excess of that normally possible. 
If the air layers are Well marked it may happen, accord mg 
to a well-known optical law, that fays of light grazing cither 
the top or bottom of a dense layer of air will be reflected there. 
Instead of seeing the desert sand we may set* a reflection of 
the sky which looks like water \!tbe miragn); slops oti Lbe hors* 
zon may appear upside down car part nf a ship, may be seen 
the right way up, the rest upside duwci. The same- pheno¬ 
mena can often be observed on a very small fctille, On the 
surface j-jE the road we may see a shining reflection, or along 
the surface of a wall heated by the sum, we may, by hmkiflg 
along the wall with, out eye only an inch or so from it p be able 
to see the layer of hot air in Contact with the wall reflecting 
objects almost in line with it, This is no place to go inlo 
details. Suffice it to *ay that when anomalous conditions 
prevail on a large scale the phermrnenon of the green flash may 
exhibit all torts of variations and become much mom marked 
and more easily observable. (Figure jB fc) fd) !>j ). 

In the next chapter we turn from ihe^ lairly common 
phenomena to phenomena which are only observable nn 
special occasions. 
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EcQpiu 

Kdipsa aiL of two kind 1 ?; eclipsed of the sun and. eclipses 
id the moon. They take pJjice when the ami* the earth and 
i]il moon lit o all in the amt! straight line, or very nearly &u r 
shj that the shadow ol the moon faJh ati the earth, or the 
MnuW iii Llmr earth oEl the moon, When the shadow of 
tin.- naotrti tails on the earth there La a solar eclipse. Since 
the moon uniat then lie between tin? aim and the earth. thr 
dark »d* ol the muon must be turned to us: that is, eclipse 
■ if the mn Ed ways take place at new moon. 

When an eclipse of thn moon takes place the shadow ul 
the i’nrtfii fujls on Use ihdoji; the 1IIehhi must therefore be 
-■•hHOsl exactly opposite to the sun in the sky, aod the fully 
ilJunumut'd fact of the moan must be turned to the earth • 
th'kt Lv, when an eel Ipse of the moon bikes plact; tlie moon 
must Ixr full. 

1J I III mi hit Of the earth round the sun. and of the muon loutid 
the L-artii were id the samp plane, that is, if the system could 
be eAuctly represented by a model in which the sun, moon 
amt earth moved on die top of a flat table, (hen the earth's 
shadow would fall i.m the moon, and the mnon'a shadow on 
ilu- earth unee cadi in every revolution. of the moon round the 
earth. There would thus be an eclipse of the moon every 
luimth at full moot], and an eclipse of the sou every month 
at new moon. The reason that this does not happen is that 
thf- orbit of the muon is tilted- In our model it should be 
represented os an oval drawn on a card winch is lilted with 
ropeict lu the Table top at an angle of 5 degrees approximately. 
!lu- top half Id tin- oval being alwive the table, and the butt oh I 
half eon tinning down through the table to tire lower side. 

[ he earth L5, of Course, at one Ilcus of this oval curve 1 Figure 
39 fa))- 

1 bua rt happens that at moat full or new moons, the maun 
is above h,t below the table top, and no edipse will occur 
J'-ciipscif will unly occur if the moon happens to be cmsami: 
through tlir table lop just at the moment when the threL' 
fwMlLng are in line. These cruising points are called the nodes 
uf the moan's orbit The situation would still be- relative!v 
simple if these nod^ were fixed points, If this were the cast? 
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we iMjuId murk un a star chart the apparent track qJ the met 
in the sky (the ecliptic), tngether with a second track n-pn.'*.u.- 
ing the path iff the moon against the sky background- l Jn^i? 
two fixed tra« hs would itstt-rscet in two fixed points ;thr nodes 
which would hu exactly opposite to each other hi the sky 
H tile nun and moon, moving on these respective track:, 
happened to be passing through the same nude ftt the same* 




Figure 39 
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t irni'. the uiooh would be in Iron! of the au:i, and there- would 
he a solar eclipse For :l Lunar eclipse to occur the sim and 
moon in 11st he opposite lo each other in the akv as seen from 
the earth. Hence, if the umi happened to be passing through 
"ne node, while the moon was passing through the other, 
tiie re would be an eclipse of the paoon, 

Now the sun pusses through various points on rhe eciipLi 
&t afr&Ovt exactly the same dntes each year. If the nod'- 
of the moon's orbit were hied the sun would pass throng 11 
them on definite dates in the year. Thus, In this qim ]-■]-•- 
imaginary system the prediction of eclipses would be ea=*v 
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■met they wmdil iilwayi Oct lit dufiti to two definite dates in 
Use year, tsamdy the dales of Hie gta&sage of Hie sun through 
ihe Iim.iI nudes. The fad that the nudes are moving makes 
i Sir- pmdlctir-H of rdipsea a much mart- complicated matter' 
there an 1 regularities in the occurrence ■ * f w;]i]ws but they 
are hi.inrwbat r r.nn|a|fca.twi. 




Figure 40 


th'lon* discussing them we nm^t turn to a consid-eration 
ui the various types of ttattpse which can occur. and of the 
■ iiremristance-'i attendant on thrum 

The -Shudowa of die Earth ansi Moon 

The shadows of the earth and the moon are cast by the: 
“ii. rim son 1 an extended source of light which is much 
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larger than either the n’loun or earth. It should be clear from 
the figu(Figure? 40J that these shadows will consist of two 
parts, First there will be a cone extending from the earth 
or the mirfjft away from ihe sun. This cone is the umbra 
of the shadow, it comes to an end in a point at a distance 
determined by the sues and separattnns of the bodies involved. 
This Li the ^on© of complete ti&rkcesa, and from within it 
arj part ol the sun is visible, This can easily be verified by 
taking any point within the umbra and joining it by a straight 
line to any point on the Sun, It will be seen that this lint?,, 
along which a Light ray might travel, is always interrupted bv 
the earth or the moon as the case may be. Outside thb 
is a second region. I he penumbra from within which part of 
the sun's surface may be seen- Take a point in the penumbra 
and join it to various points on the sun : some of these lines are 
interrupted, but aome are not. Hence, from any point in 
the penumbra the sun will be seen partly obscured and partly 
visible: the degree ul illumination in the pen umbra will vary 
gradually, being almost that of the linobscurad 5UH near the 
outer edges, mid almost complete bl&ckne^ near the edge 
of the umbra. This corresponds to the fact that as one crosses 
the penumbra one passes from a region where the sun's disc 
is just nicked at the edge, to the edge of the umbra where the 
aun is com pie Lely covered. 

The nature of these shadows can best be Illustrated by an 
analogy. The sun is a u extended soura of brightness, Eund 
in the analogy we represent it by a tranch manned by soldiers 
armed with bten guns each of whom paura out streams of 
bullets over the whale arc of hr*.- available, The earth and. 
the moon are of smaller extent than the huh. and are to b© 
represented by a irm^nd ora boulder out in front of the trench. 
The problem of the observer plotting out the shadow cast by 
the earth or the inarm is the same AS the problem of BJl enemy 
soldier using the mound or boulder as cover. The light rays 
from the sun and the bullets from the Stem guns arc both 
travelling along straight hue?. Tlw enemy is ImkiiLg for 
a shadow from the bullets, and he is safe when is is in the umbra 
of the " bullet shadow >J cast by the mound, or boulder. The 
=^Tfp regfnn is obviously limited for tlie following reaion. Since 
the trench is longer than tin: width of the boulder the enemy 
must not be too far behind his cover, because then ho will he 
vulnerable to trass fire from the ends of the tranches. In 
plan his safe zone will lx- a triangle extending back tn a paint 
from the boulder. This is the umbra of the? bullet shadow 
find the umbra of the light shadow is farmed in the same way. 
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Ir is the dead ground behind the obstacle which cannot 
reached by crois fire from. Lhe tianks of Hie defender*. 

However, even if the enemy acMJer is not in this safe aone, 
he can pet partial cover to a greater nr tesaer extent, He may 
duck behind the obstruction so that it shields him from 
tire fmm one end of the trench, but he is them exposed to the 
tire from the other end_ Clearly, if lie goes too inr oil to one 
side he becomes completely ujrposed, hut, as he moves in, 
provEiJed he b not tuo far behind the abstraction, he will 
Bain greater and greater pratertxm. This is the penumbra! 
Mfflfl of tin- bullet shadow. The degree af protection varies 
u-ithin it, and the degree of exposure to risk corresponds to 
the light intensity in the optical case, varying tram full 
Uluminatiou at the edge of the penumbra, to full darkness at 
the edge of the umbra. 

For any given relative positions of the bud. earth and naooet F 
the dinu-n signs of the shadow* cast by the two latter bodies 
r-oii be calciiJated The uatune- of the eclipse phenomena 
observed in each case depends on the dimensions ami location 
of these shadows. 

Eclipses, of the SliU 

An ©dtpse of the sun takes place when the earth passes 
ihroLigb the shadow cast by the oionn, From what we have 
said about the inclination of the orbit of the moon it should bo 
'dear that the earth will not always pass centrally through 
the shadow. If, lor example* the earth just enters the border 
of the penumbra, without intersecting the umbra, then 
fram the shadowed portion of the surface of the? earth the sun 
wdl be seen partially obscured, The degr™ of obscuration 
wdl vary according to the position pf the observer on the sur¬ 
face of the earth. This is the most common type of solar 
eclipse, uml ts of relatively slight interest. The auiTs disc 
in ue^'cr completely obscured so that the faint coruna and 
f hroniosphere cannot be observed. However, in recent years 
partial solar eclipses linve acquired a new interest. It has 
been explained that the exact circumstances of an edip$*- 
depend on the geographical location of tile observer tile 
relation may be 3 FI vetted; observations of the circumstances 
of an eclipse may be used to pro vide exact data about the 
location of on observer. This may seeui to be an aim which 
could be Secured by other and simpler means. The Cuntlnrnte, 
have all been carefully surveyed and fur each land .maw maps 
are available in which the locations are defined with very’ 
great accuracy. However. tliig is something which applies 
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to each t; li n 11 j i u i l t individually, Survey5 qf con tin cute me 
very act: u rate r but the connections between continental 
surveys- across setL barriers- are far less satijjjfcictjary, Far 
i’v.impie. even in itse case of so narrow a barrier us the English 
Channel, in consist c ru'ie5 arc present in the survey* on its two 
Points in the south of England are included mi 
French survey map?. and points oti the north eoaat nf France 
on she British Ordained 5u:vty, but the co-ordinates assigned 
1 ,ij 1 the two systems are not identical. IMflirtiLtics. uf Ibis kin I 
ate aggravated in the cirse of more extendnd sea bartit.ru. In 
order "to rrrqncHe tmdi divergences it eh necessary in- makn 
ibservations of some phenomenon visible over a wide ™ of 
rhe surface of Ihe earth, which Lh capable uL being defined in 
rime with tfreut accuracy. It has been suggested that partial 
eclipses of the hu 11 fulfil these condition *, and nbHcrvatiuns 
iiJonji the^e lines have bti?n made at. reettifc odlpsei. The 
jiarticttlar feature which makes them valuable is that near the 
moment of maximum eclipse the direction □! the line joining 
“Ikr points [the cuaps] of thi! Eickle-shuYJcd area id unobsenred 
Min is turning rather rapidly. The direction of \hh Einc can 
be accurately calculated and f.iliHcrvatknui of i\* direction 
at various tinier throughout tho eclipse can hid made by 
taking photographs un cdtle film. lligure 4^ ^a).| 

Wlltli the moon paws between the 3IU1 LiJJd the earth StJEl 
closer to ihe line joining their centres, echp-cs of a more 
spectacular character will occur. The circumstances will 
dt'pendj a* vtn Mvc said, on the exact dimensions of the 
shadow cant by the filOOH. The sun fins El diameter l-'dher mare 
thnn 1 Od times that of the rartk . tlic Lu ijijI 1 b di-imotw b about 
..ne-quarier uf the earth's. The dlnaenflinns are such that. 
■TrEi tin: average, tJui length of tin* umbra, uf the moon's. shadow 
mc^LtTX'H about 13-.000 miles from the centre of the moon, 
but there is a cJintsid enable ratine on either side of this mean 
value, The average distance from the centre of the mnnii 
10 the centre af the earth is miles. that is, about 235.01:10 

miles fnun the centre uf the moon to the nearest point of tin- 
earth's surface. This distance b greater than the average 
length of the umbra of the moon’s shadow, which mean-. 
1 hat, under average conditions, the shadow is too short tq nscli 
<lh far as lhe surface of the earth. Helices even IF th-e sun. 
luuuiL and earth wane exact!v in line, no part of the earth's 

L-tirf: l«_ i_‘ would intersect the umbra. In 11LL--:e cttCUniKtnnron 

an obacr ver on the earth is, lo revert to our analogy, too tar 
behind the covering obstacle to obtain complete cau^r from 
the sun’s fire although there Is a partial Cover. At the middle 
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ciI the eclipse. the moan will have an an^ubir dkinct^r insufli- 
'-innt to cover the whole disc of the huei, and a ring of the 
sobr surface will be visible all mu ml Th [■* ring gives £bi* 
lypc of eclipse the name of an auwrdur *e/ta word. which 
has nothing to da with the word meaning a year, but which b 
derived from the Latin word M annulus", meaning, a little 
ring. Not; tires .ji [bi„ 41 ;Im.I 





Figure 11 


Tom I Molar Eclipses 

Aim ul.i r eclipses ropreseiii the aviirage conditions rjf distance 
between the sun, moon find earth. Total eclipse of eIlb sun, 
when thi: whole s.i.i 5 ar disc is blotted out. do occur, bin require 
a conspira*\ nf favourable conditions of dbtunce in addition 
tu tin- a I mnst exart cal linearity uf the throe bixlies. The 
orbat of the moon round the earth is perceptibly elliptical, 
so tlial Um distant between the I wo bodies is variable 
WhrU ihe tflrMnit is nearer tn ther earth than the average at the 
moment of an edip&f, the umbra qf ihe shadow may intersect 
rim tiurfai v nf the earth, producing a small region from whitb 
tbe ann may Ik- seen totally ohsenred. £ Figure 41 (a)d The 
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muiirium diameter jC lh& shadow at the earth's surface is 
167 miles. but since this distance is reckoned perpendicular 
tn the axis of the shadow, these dimensions may be increased 
when the shadow falls at a relatively small angle i.e,, when the 
Mjn’s altitude is relativuly small. The maximum possible 
duration of a total solar Gclipfie* that is, the time during which 
the sun is completely coveted, or the time required tor the 
umbra to sweep over the position of an observer a 3 the earth 
and iricHjn move past each cither, and the earth rotates, is 
about seven and a half minutes. At the average total solar 
eclipse the dimensions of the shadow and the duration of 
Lola] itv are much less than these figures. 

It will be clear that in order to observe a total eclipse one 
must take up a station no the predicted track of the shadow, 
and must prepare a pnT^ra tnme of observations so as to make 
the best fNHsibb use of "the few minutes, of totality availuhV. 
Pm manv years it !ia B been the practice to Stnd MSp^iition^ 
to suitable locations. which are? often remote places nr unin¬ 
habited Island.5, for the purpose of making observations: of the 
chromosphere, corona and other eclipse features. Many of 
these expeditions have brought back results of great value, 
while others, in spite of previous studies of the local climate. 
have met with overcast skits. North and south of the narrow 
belt of totality is a. alone extending perhap* ;.ooo miles in each 
direction, from within which the eclipse is seen as partial. 

A total eclipse of the sun begins when the moon just begins 
tn impinge on the sun's disc. This moment is known ns first 
contact. Tile unobscured area. c»i the huh is- gradually reduced, 
and the landscape begins to grow dark and hi He go to roosl. 
The bright iurea of the sun grows more and nintc erescent- 
shapod. and the sunlight falling through small gaps in foliage 
ini prints a legion of crescent -abuju'd light patches nu the ground, 
j'higure 42 fd)J As the suns visible area grows smaller it 
begins to approximate more and more to a star of unusual 
brightness. Ordinarily when even a bnght star twinkles, the 
sl>k evide.n ct- available of the atmospheric distu rba rices 
through which ita light is passing h afforded by the changes of 
colour and position. But the snn, now shrunk to a very small 
.tren-j i$ slid bright enough to cast a shadow, and e vidence o! the 
atmospheric disturbances which are always present, is available 
in the form of a vast number of shadow bands of irregular 
[dm and movement which can be seen playing on the ground 
and or I be white walls of buildings. As totality approaches 
the umbra of the muou r e shadow can be seen appmadiinp 
acr-OSS the landscape. Just before it reaches the observer 
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lIic last rays of the su n can be seen shiiiins* down the lunar 
valley*., nuthning the edge of the moan with a series cf patches 
of Wshtrww known ae fB Baily's beads (Figure 45 fe )0 
fhrftfl t as the sun disappears, totality fcpegins. This is 11 second 
contact the moment when the gqn janft disappears. and when 
the umbra of the shadow jusl reaches the observer. The pearly 
white cojrona H the chroino^phcra and prominences oppear 



fdj 

Figure 42 


against 1 Lie dark ^ky and some of the brighter stars are visible. 
Np pmfessnaiiil astronomur has tfrae to glance &t these pheno¬ 
mena. for now the work which, hm brought him th^ands of 
milts has begun, and he is busy taking phntographt according 
to the pliin worked out months before and frequently rehearsed 
Just at third contact Ji.fl, the end ui totality| tlie bright 
c heotuosphere is seen to dash out fur a moment before tbr- 
first edge of die sun appear*, the Corona disappear'.! id the 
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fuiiewd bo^btmifis k the %ky brightens, and tbs eclipse as 
except for the rather dull business of the steady with¬ 
drawal at eIlh- moon from the sun's disc. 

Lunar Eclipses 

Total qcll^ir of (he sun roquiw rather ■special conditions 
for their pr-Mjaetiun and must be observed from special verr 
limited area** of the earth's surface. By contrast, eclipse*, 
rut the iiu ju 11 are far Iwss Exacting. The length of the umbra 
of die fcliiidow of the earth n about miles, whereas 

the average distance uI the moon is only jjrj.Otio miles. Tilth 
the length of the shadow is far more than adequate Id reiu h 
id the moon, and the diameter oi the shallow at the moons 
di>iAnce b more than iwo .-mil i half times the diameter m 
the. moon. Thus there is no such thing a* an annular eclipse 
, .f the mm hi... If die moon enters die umbra. th 4 SH! 13 a total 
,.r partial eclipse, Moreover, any eclipse which does occur i* 
visible from any part of the earth ti surface: from which the 
mom is visible- The shadow is failing on the tnooit itself, and 
if an observer can bvn the moon, he can see that this !■■ 
happen inn- (Figure 4 1 (c).) 

When a total eclips*- nf the moon occurs thrre M fn-1 
dimming of the moon aa the penumbra is entered- Uatei 
the edge uf the umbra b seen encroaching on the muon, until 
the moon is finally covered. Although to the naked eye ttlf 
shadow nr?cntR fairly definite. Lu telescopic view the edge Ai^w 
rather blurred. This ri due- to the fact that the sunlight at 
the t*dge faf Lin- shallow has passed through the Still niph^i 
■ -f the earth, Lunar cr.Upsei -\nc uf only alight Hvbufiir 
interest now, but they do ckiiHJiistratLT, firstly that the earth 
b round, since it has a circular shadow, and secondly tlut the 
earth b roughlv the size we know ft to be. The wore! roughJv 
must be and tided since in fact the shadow dhnurtsiona are 
slightly changed by the piinsagi? of the light through the 
atmosphere nf tin.- earth from what they would be in rh- 
.ibsence of an atmosphere. It is. however, easy to tee that tile 
• arth"s shadow b much Ltr tlnm the diameter of the mnoir 

When the mouin Is. completely eclipsed there s-till remains 
a ennsedenable light on the lunar Surface, often of a coppery 
red dolour. This light hns passed through the atmosphere 
of the earth and its colour and intensity depend tn an extent 
on the particular meteorological conditions which obtain oil 
the rim of the earth visible from the moon. Thus the illotniua 
Elon b variable both as to colour and intensity from eclipse 
toecEipsc, but. in general, tbe light has lost its blLie componeai t> 








RARER THENO-MENA T2g 

Ljv Mip-ittfrang in the earth's Mtmmphefe, leaving a rather eciHe 
Jivicl rcd colour. 

\vnen the HLuA» passes centrally acn.143 the shallow lh* 
lum turn of til'I- till a] phase is about an hour and three-quarters, 
rhc time fiont thin first appearance n( the umbra un the disc: 
'first tontuct) to ila final dfeappeamncc (f mirth contact} 
ip aEinust iuur hours- 

The Recurrence of Eclipse^ 

^iore eclipses occur when the sun, moon acul earth are in 
line Cit ni/itrlv So. this means that at such thnt*S the sun must 
\yc at nr near o node of the niutm's orbit, while the mom b- 
near cither the same mode or the opposite one. The bodies, 

■ fearly, mvcd not be exactly at the nodes, and hence the quee- 
1 i-iii arbe-, how near must th( y Lie ful am ecllpsfi to ckClsI " 

I 1 1 h jui ‘ewer* 1 1 * tliis qiLratJon m th■ ■ va 1 icn is i aws defi no w hat 
an* called Lhc rtfiptic /irtib ami they an 1 different for lunar 
i ctipsrs unil tr: Lapses-. Without going into details it will 

't obvinu^ that (me of the factors which is Involved Is the 
vastly difiETPnt rati! of movement of the soil against the skv 
Ixjiclisfru'unii as compared with the rate of movement of tin- 
f'inMii ,1 gainst tin- sky background. 1 lie *un moves, roughly 
“ise degree per day: the moon rather more than is decrees 
P'i day. The calculation b much the stam# as would apply 
in th l* i-afi? of two ttaixia, one an express, one a very slow 
train, moving oil two tracks which cross over a| an ajigtij of 
live degrees fthu inclination of the moon's orbit to the ecliptic,, 
What we want to know i&tbu conditions under which a collidnn 
'.4 III take place, either engine to engine, of with otlr train skle 
swiping ihe irthcr, Given the relative speeds ul tile trains, 
thi'ir lengths and the angle of intersection of the iratki--, 
what are the danger limits? The iinparrant point in the afitm 
immicat case 19 that, tile trains concerned art? not to hr repre¬ 
sented by ihc apparent st*es of LFlit discs of the sun and moon* 
out by the rnirfm, arul certain other circles. For example, 
T4kfi the case of a solar eclipse when the tUoou add sun are at 
Tin' same node. What we wish to predict b whether tJierc 
■■nil l« i all eclipse at same point of the surface of the earth. 

L hb will happen if any point ol the moon conus Lit front of 
any point of tile eafth F that is, if the moon cuts into the outside 
■me: cItcl in in plotting the umbra of the earth's shadows 
! Figure 41 (c) P ) At the distance uf the moots tills b a circle 
about ten thousand miles in diameters or about five times the- 
iJhunt-tcr of the nukon. it b then readily found that all eclipse 
imy lake place if new moon occurs within iBJ degrees of t he 
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node, and certainly will occur Lf the dLsEance Is less than about 
13 degrees. (F^urc 43 (a).) 

In the case of lunar eclipses we have to consider the situatiDn 
when the sun is at one node and this muon at the other as seen 
from the earth. When this happens the shadow of the earth 
hi directed towards the moan and has. a diameter of about 
3.700 miles at the moon's distance. In rinding the ecliptic 
Eimiti for a lunar ellipse we have to thin h of the moon nwving 
along its orbit, and a circle uf the diameter stated moving 




(b) 


Figure 43 

along the ecliptic at the solar rate. They will overlap and an 
eclipse may occur if full moan take* place less than about a j 
degrees from the node, and certainly will occur if the distance 
is less than ti j degrees, (Figure 43) fb},} 

Two limits are given in each case because of variations in 
the mclination of the orbit of the moon, of the distance of 
the memo from the earth and other relevant quantities. 

It is important to notice that, in the case of a solar eclipse 
there is a total angular region of 37 degrees (1.S-5 degrees on 
each side of tile node] during winch there sa liable in be an 
eclipse. At the rate of about a degree a day it takes the sun 
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mOK than 37 ditys lid pass through this zone*, During this 
nine the moon ■«■■ ill have completed its circuit more than 
once* so that at least one new moon must take: place within 
the echptic limits, and hence a solar eclipse mast occur. 
The sme is true lit the other node. It then follows that in 
every ye at then? mn=it be at least two solar eclipse. total, 
nrtiiiJJiir nr partial. 

The ann. actually meets two node* of the moon's mbit in 
a period less than a year because these nradua are slowly 
moving so as to make a complete circuit of the ecliptic in 

i S’h yeans. As We poi nted out at tire beginning of this chapter 

ii the nodes had been fixed, eclipses would always take place 
a I two definite Br.iBons of the year. Eclipses still take place 
«iii definite Reasons carreapundlng to the passage of the gun 
through a node, but thctic are not fixed in the year. The nodes 
are moving to meet tJit sun Ln its motion round 1 he ecliptic 
unci the sun meets a node every 173 days instead of every 
i£j. (Figure 39 (b).) The minimum number of eclipses which 
can occur in a ym r is two and both are sioiar. but. in excep¬ 
tional conditions very many more than this can occur. For 
example?, the sun may just have entered the CCliptk limit* 
a1 1 be first new moon td the year, giving a solar eelipse. About 
0 fortnight laler the moon will have got round to its opposite 
mode, and, If matters ate properly arranged, full muon can 
lx-cuf within the ecliptic limits for a lunar eclipse. Thru, 
a fortnight later the moon is back at the first node, where the 
son will still be m the range of the ecliptic limit for a solar 
eclipse. Thug, under very favourable drcunmlantes, there 
can bo two sglar eclipses within a month separated by a 
lunar eclipse. After the lapse of 173 days, there must be a 
>oEur eclipse when the sun reaches the second node. Then 
alter u further period of 173 days (Lliat is still within the calen¬ 
dar year? the sun returns to the first node and there is mother 
-eclipse. If all circumstances are favourable, as many as 
7 eclipses can occur in a calendar year, 4 or 5 being solar, 
and J or z being lunar. 

The Saros 

To be exact, the sun passes through two nodes of Hie moon f s 
orbit every 346-612 days, while the a venire length of the 
month from new moon to new moon is 24.-5506 days. If 
w r e take 19 of the hral of these periods and 12$ of the second 
we arrive at a period of time which is almost exactly the same 
in the two cases—about iS years and IO or ll days. The 
exart multiples arv 6585-8 days and 65^5-3 days This 
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jn-riivni is called the &iraff< If bit the beginning of a Saro-; 
tlic moon, iTirtki and suti were exactly in line, then, at Siu* 
tnd qE the period those bodies would bo in the same relative 
positions, except fttr a relative movement of the sun COrrefi- 
pond ins to tlie dill ere rice of half a day between the two 
r run L- 11 noted above I n lhis time Ll i □ su LL li i a tf KfS i «nfy ah- hi t 
half a degree ! approximately- its own diameter,! against tin- 
htar background. I'hug, if tlic sun uere within tho lipth 
limits iad we have; supposed; at the beginning «f the Sam* 
it will again lie within them at the end 'rlur- ri there .- 
an eclipse at a certain time, them Is nimfhvt tiertsdt! to lie onr 
closely Tuprodading the cLrcumstnn'-'cs of the first. iS years 
.-i nd ia or l i days later. Edfptte will go on reproducing them- 
Mil vcr at intervals of i\ SflJOa until tile IloJMpH difference* 
Imve acc uniLilated to tuich a quantity Unit the ecliptic limits 
are txLwdfld. Cnirespanding solar dUp^-H. in s\u revive Sum* 
■j-ieriirfls do not occur at the some part of the earth. As lIj■. 
resit]I of the difference of half a tiny, the cuiteequctst shift 
in the relative |H*dfcLc«iA of the miti amj tnuon.. and the rotation 
• 4 the earth on its. axis, the tracks of successive eclipses art 
5 kitted westwards in longitude by about im degrees and 
iklsn slightly north. Cycles oi aular 4 |ClffBca with *5 many as 
7 <p members covering a period of neatly r^na years, and of 
Lunar eclipse with =»'? member* corresponding to a period of 
>,OQ yoarr. can lie followed. The lunar -series is shorter Lirjcuu.M 
the lunar ecliptic limits are narrower, ami therefore sooner 
exceeded- 


Ttic Metafile Cycle 

There is a further period which is of InlereM in ccmnctti™ 
with eclipse*, ‘ffel is a period of aim List exactly in years 
formed of ^ Ln months of m w-d day:. Wi- may contras! 
this with the- properties uf the SaroB I lw Sartw leads to .. 
prediction of the repetition of an eclipse of ^rent certainty, 
but it ihrt.-Ei not OCciir iA 1 ih? same part of the earth, nor, Bhut¬ 
an incomplete number of ye.ini has elapsed, ihwz it occur in 
the same part of the sky r I has the Swrr.ti isi uf little use far 
the rule of thumb prerlictinn nf edipetoi vlslbTu fiom .i givrii 
place. Now. the period oE 23 5 lunar moTitlus ommints tu 
6-9.39-7 days, while iq years anruiml to 6931s-ft days. Ttiui 
if there is .i new moots at the beginning of this period, thetr 
will a 1-50 hr u. new tsiouii at the end, and it will occur with EIn- 
sun Ot almost exactly the son l* TTgiOH of the sky The shift 
■ if the sun's position in the duierrnc-n between the two numbers 
quoted (trtse-tenth of a d.ivl is nnlv a IrartiOfl nf Ell m *im“s dia- 
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mvtvi. However, owing to lIlu iiicEinatidn (if the moon's orbit 
then* will h;i■■ -■ Im'.'II a relative shift of the two bndics north 
or south ot Eh-.- ecliptic Now the sEiii passes Ihrougli two 
tunics of the Tnnnn 's orbit every days f& period some. 

Eiires liftlletl on prfi^stj i rer. and twenty < ! Hu. 

■numiiit to f.ii.43_ 1 -i days, di tiering (nun the previmiBi nuniln-n 
l«y about 7 ij[Lv> In 7 ilfiVS t] t r- sun moves about 7 dugrei-. 
white the tr.ul range of tin- adlptic limits fur solar eclipsi.::. 
is 3-bout 37 degree, Thus if is to l»e expected Unit if the 
sun b juhe entering ttn- t^cliptk, limits at t,h* k Inhuming id 
a nineteen year period an.I them is an wUpac, there vijLl 
be Eittntheir cirtc at the satin- time of tin- year in the same putt 
of the sky tiltsetcc-Tl year* Inter, since thr? sun will have shifted 
only 7 ilv^Ws with rispeCt to Lin triorm ’a ni de amt will -.tal 
Iw within (he limits. Allowing a shift of 7 degrees for each 
jo year period It H clear that ihet^ will be ecllpsea ott five 
nr stx occaakins at in year intervala all at llie tamr time of 
war and in the saute part of the sky, after whirl! the rdlptk 
Ihilitu have Ikgh exceeded mid tEu- series wall 1 jp at an end. 
The 10 ve.Et period is called the Ah'tu i|*g Cn Ve ami L=s useful, 
fm nde of thumb prediction of eclipses seen from a given place 
Atthois l; h thfl Chaldeans discovered the Saxos the MetnnLi- 
cycle must have briTi the basis of the mu thuds by which th¬ 
an dents predicted rcMi^, but It is uncertain, since, without 
deeper knowledge one rnnnnlr foil wh-'n a now series of eclips-v- 
k liable tu Start, nr. with certainty, whim one is about to finish 
Tilts Lift must have been the downfall of the ancient Chinese 
astronomers. picLure«.i|ucly named III and ilu. who weie 
vwuted fur failure lo predict an eclipse. The incident must 
have eati.3od n pretry scandal* for the chronicle records that 
evert tisr blind mudcjan had beaten, bb drum, the mandarin 
hint warned th«- peojik that the sun was beih£ eaten up. and 
yet the pnsfraidonaJ astTtmuruens were as indifferent asw^xlen 
uiEii-ges. 

\VM± at i>. LIullv p1.1Si.ibEr to predict uebp^.s at a. given place, 
3t does not follow for cxanmh that all the '-nlar ncliputt will 
total -it the v»mi' position of ol*servatimi. The totaht 1 . 
belt of a total solar eclipse is narrow, ami close calculation b 
reLjuirin I to fix it Some Of the eclipses of a series may be 
total, othrra partial nr annular* and the totality belts of th-- 
loLaJ eel ip* es whit I ■« diuplari’v! over Tbr earth's surface. A 
total ctltp&e df thr sun at a given place 3? a great nuitV. a 
fact which hilE had a cotibiderable historir r[ importance 
On numerous occasions ancient ebronick-s iiavE recorded 3 
darkling of ihs sun, with the appearance of stars, coiucidpnt 
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with some striking historical event, such as a bailie, a plague 
ami so forth. Krom the known geographical location it has 
often been possible to date the event. which on other evidence 
might be uncertain within decree, almost to a mutter ol 
minutes, even Ehuiigli it may have occurred in 4 civilisation 
with only the crudest knowledge nf time-keeping and cil 
calendar*. 

Comets 

At the present time comets seem to foe About as common 
as ec-lipses, for on t hr. average Something hkfi half a dozr n 
arc olraerved each year. M st of these arc sn faint as nniv 
to be observable in telescopes, and as more telescopes and 
larger are brought into operation tlie number observed ^ach 
year tends to rise. 

In its full glory a comet consists of a nucleus*, which probably 
contains all, or almost all, the solid material in the comet: 
round this nucleus is a faint haze of Sight, tins coma, and 
stretching away from the head is the tail. The nucleus 
probably consists of a Loose aggregation uf solid particles or 
lumps of matter, possibly having a total mass equal to that 
of one of the smolkr minor planets. No exact figures aJe 
available. The coma may have a diameter of a few hundred* 
u v thousands of miles. The ted may be a few hundred 
thousand up to a few million miles in length, Comets irmvn 
under the gravitational action of tlie sun: stfmie of them have 
definite elliptical orbits, like those o| the planets, hut much 
more elongated, and therefore reappear at more or less regular 
intervals. * Olliers make only a single appearance and are not 
seen again. 

Tht- tail, which is the duel glory nf a comet, va absent 
until the nucleus approaches the sun. 1 hen. by some mcchan- 
aam not at all well understood, gas b gradually evolved from 
the material of the nucleus untQ it forms a clurid roulid about. 
Then the intense stream of radiation from the sun begins 
to exert a pressure dfci this gas. Ah light radiation exerts 
a min ate pressure on matter; it is quite inappreciable i n 
ordinary life, but is very important in many astronomical 
ckcumitances. When a cloud of gas in empty space, subject 
to BO Other forces, is acted on by rndiatlnn pressure, tin- 
results can he venr spectacular. The gas moves out from the 
nucleus away from the sun art! farms the tail of tlie come I. 
The comet ’h tail doca not therefore trail behind tile cornet 
like the trail of a rocket: it is always directed away from tlie 
iron and thus sticks out from the comet in a slightly curved 
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jrt: almost at right angles to -the direction of its motion. (Figure 
44.) As the comet nears the .sun then, the tail grows steadily. 
^TiexuaE at distances Demote from the mn, the comet wuuhl be 
no more tlian a collection uf lumps of rock owing any visibilltv 
to reflection of the sunlight from a very small surface, now. 
the development of the luminous coma and tail make it tnote 
readily visible, Almost certainly, it will be observed as it 
approanh^ the sum and grows a tail <ifsteadHyincjuatuiglength 
Then, passing the son it beings to recede, steadily losing its 
brightness until it can at last be seem no more. 



Figure 44 

tkfimiftti ihr nrhit vf a ptrioiitc town t \mi Ihr .an 
braiwH to m tie are the tliHtfaitf ?mpr s if tk* otbiK thfi4*W$apmmt 
ftf the i(id near Iht irjir. and tk* HirMtitm uj ikf (ml, pointing 

fmighty amy jrirm the «n. Tto lengths 0/ ihr laih we shimm 
grratty Mtijjf 


Certain Comets arc periodic* that is, they move on definite 
orbits round the sun and reappear a a nmbn:r of limes. Easily 
the must famous of all is the comet called after Edmond 
Halley, the associate and friend nf Newton., who applied thr 
laws propounded, by Newton to the predie Linn erf the reappear¬ 
ance of the comet of t6Uj. This was a remarkable advance, 
not only because it represented a triumph for the scientific 
methods of Newton, but also because. for the hra± time- 11 
brought comets, hitherto regarded as portents of dread events, 
utterly capriciDiis in their behaviour, under the rule of nutnral 
law. The comet called after Halley has a ported of about 77 
vc-nrs, tlic last appearance liciqg in 1910. Tho period varied 
a little, since the orbit of the comet is apt to tw slightly dis 
turbed when it passes racier chm to the phuurts* as m*y happen 
now and again, l^reviona to this, the comet had been observed 
at every reappearance since about 87 b.c. and its appearance= 
have been recorded as far back as 24a n.c. The comet 
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recorded nn the Rayewx Tapestry, whirls the IcsUowisrs a\ 
Harold an 1066 lire shown frightened by its appearance (ihr 
KmHtnfists did their best with the comet but it docs liw^k 
ltla< :t combination nf a siinili.'iwtT and a JIjsii in.e fork)—this 
fnmi't ss Halley's, occumug »-H Y vnx * hefore its mmt recent 

passage JLear the FUJI. 

Since lhe tails nf courefc* ate only temporary plionnmficia, 
Ehcli, even in a periodic rotne-t, the. appearance oi ttlfi tail in 
Liable to be very dWcrEnt from apparition to apparition 
Some attempts have been made to cletermuie, from studies 
of the shapes of the talk of comets, exactly what force* arc 
at wurk. bat these mMarchei have not lieen wry successful 
Hatlev's comet, at its la.it Appearance, had a ven' Long tail 
possibly 5 million mites in length nr more, marl the earth pri-wd 
tlirdtigh it without ill effects. 

Although Halley’s cornet Lias been extremely regular, it 
942*1X13 certain that in the king mn, cveii periodic ramcb arc 
impermanent Already in discussing meteor* we have refer 
red to Bidii s comet, which first split Into two parts, and Lhcn 
disappeared, bring replaced 1>y a meteor . stream* Doubth ^ 
im!v a minute quin li. tv *4 gas is necessary for the product ion 
oi the extremely fcaucus tails of comets, and there in every 
evidence from the nature of the H^ht emitted by the tads of 
comets that the gas pressure in them is extremely low- hn 
Iowtr than the pressure attained in evrci the best tahoratur y 
vacuum system on thv earth NcmartbL-less^ the repeated 
pTodn-ntioti" of ft tad roust Involve some mass CotfS, ami actmei 
or Eater it -SeentS mevit.it 1 h'* that cornels must dMfltcgjait and 
di*appef\r. 

la this respect, them, there is only a difference of degnir 
between the periodic comets- and those which make only one 
appearance- A hi eh proportion of carnets ate seen ottce ks 
they pass the smi. and never again. Tt b^ even happened 
that comets havo beeti seen very dose to the sun at time* oi 
total puLar eclipse and haw nowr been seen either before or 
Since, Comets daubtfeiu end their Uvea cither by splitting up 
or by having their orbits so disturbed that thev fall into thr 
sleii or are captured bv one ul the planets. This last method 
of modification of comet orbits is well established. J'hvre ts 
a whotc group of periidLC camet-s which at tbrnr greatest dis¬ 
tance from the ?im are at about the distance of Jupiter. The 
great ma.** of this planet has brought a bout disturbance* in 
the orbits of passing comets until this state of affairs b reached 

If then, in either Llie lung or short, run, comets aru gradually 
being done away with, where does the Supply come from? 
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Kecenlly Rufeaflor J. H. Onrt -.1 Lvialon ha? ndfAJiced an 
interesting theory in which, he supposes that comets are I he 
residue of same hypothetical exploded planet. Thu fragmcm- 
form a distant cloud round the :-uii fur uut in sp^ce beyond 
the must tfumotn planei r Gravitational action ul the nrareat 
'data uut] of the member* of the do ml with each other, leads 
every now and again to tht * hanging of the orbit of one uf tJiese 
fragments in to a highly elongated orbit bringing it to tin: 
sun. I"1 Lis juives u-> a jjuw comet, which may or may not hr 
jeriodi'-.. If it is periodic* then gradually the orbit wj][ be 
changed by the action of the other placets, and the long ptq cess 
nf degeneration wiU begin. llh' theory is rather speculative, 
but the iiJenh are id great interest to astronomers.. 

It will Lit dent that, in many WTiye there W not a great deal 
id ilnk 1 ranee between the nin:Inis of a comet and a rather 
imall nur.ui planet, mid indued it lx possible that There i* no 
bard and kuit line to be iiitnvn Iwtwuen these two classed of 
object, sin i ], evmt with a large tdcKopc, it t> often somewhat 
dLfE l uJt tn iIes! mguinh Jx'twett the 14 VQ. 111ms been suggested 
l li.i t fitiJar radiation pressure might produce a faint rud mien tary 
Etul on the dark side of the earth which might, fur example, 
bu rc ,j, .j.KilLilble fnt the Gegcnsdicin-i 

\oVtll! 

Ttie literal iLitnqnretntlOU of the name "Nova" lh new 
I si ,a r) 'flic phirnumrm in 1 1 j whieh i t applie.i is 11 r. t I lte appear- 
«un:e of a new star, hut the sudden increase in brightness of a 
previously faint unc. TUns, if n nova sufficiently bright, 
the casual observer may notice a star viable to the naked eye, 
whicth shortly beltere was absent Many dtaonrverifs of novae 
I Live Lm'cji made by peri jiSe. amateurs'af astronomy, whose 
work Jim; eurnp-ulJ^l them to be out of daurfi at night. To 
make Maeb a discovery requires not only «xtreuse! y good luck, 
but ;ilsu so exact a knowledge of the constellations that the 
appearELDCc of a new member in one of them immediately 
f.ih ku- tlii' i-ire. The amateur is usually not In a po&itSoa i.i 
exploit his discovery, but so great au astronomical importance 
attaches to the prompt recognition and report of a flqva that 
we shall give a brief description uf the nature of the pheno¬ 
menon in ihi: hope Of increasing the number of potential 
discoverers-. 

The horn phenomenon seems quite capricious Suddenly, 
I'? flo known reason, a star will explode, Its brightness will 
nsv in Llic course of a few days by a fadSOr of mote than ten 
Uhiuaand times., until a real brightness of something like a 
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hundred thou-sand times that of the? sun is attained. At 
stellar distance* this will, usually, correspond to nothing more 
than the sudd™ elevation til a very taint if- tar, perhaps to 
naked-eye visibility, perhaps to a somewhat fainter level. 
We now know that such a cataclysm is accompanied by the 
throwing L'O Cron the star of shells of very hot gas, a* speeds 
nl hundreds of mil® per second, {Figure 45.) 

Alter the explosion has reached its peak, the light of the 
star will die away gradually over a period of. perhaps, six 
mouth* to a year- The dimming is not always very regular. 




Figure 45 

Sometimes- there are minor hue tuitions in brightness, and. 
ill rare cas® there may be a renewed outburst. The rata of 
appearance of novae* Including instances tod faint to be obser¬ 
ved with the naked eye. averages something lika one or two 
per year. Novae occur mainly Lei the Milky Way. 

I'hLs catalogue of facts probably represent* utmost nil the 
genwnil information available abu ll t. novae. The discovery 
that stars radiate by the production -of atomic, energy enahU r * 
in- to huardl (airly good gutss® as to the general nature of 
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the phenomenon- Id general k is prehable that a nova 
represent! the results Of isudden (adore of balance between the 
outward riowin* stream of radiation which enabled a star to 
keep itself distended against the mutual gravitation of its 
parts and tlvin force of mutual gravitation. We have touched 
on such ideas m connection with variable stars* and ha^e 
referred to the pressure exerted by radiation in connection 
with comets. Suddenly this bcilane* becomes upset and there 
i* a runaway production of radiation, analogous, perhaps. 
00 a vastly greater scale, to the explosion of an atomic bomb. 
Bui having made this .general observation we cannot claim Eu 
have advanced verv far in our reid understEmding of the 
problem, Many questions remain : What kind of star is liable 
to this kind ol explosion? We do not know, for mo^t novae 
before explosion mint be very ordinary-lixjkmg faint stars 
hardly likely to be singled out for special observation. Pre- 
explraion phsefVctUans of novae* are very rare. It la also 
r.ire for a nova to be observed during the shore brightening 
stage, and a prompt report of the exigence of a nova to the 
nearest observatory may enable observations of thug stage to 
be made in time. 

There is P in addition, a second class of nova, distinct from 
the Ersl, known as supernovas. These phenomena are very 
rare. Superficially similar to the nova phenomenon, they 
am on a vastly greater scale with no examples bite rmediate 
between the novae anti the supambvae, In a anperaovac 
uutbunst the light emitted at maximum id equal to that from 
millions—an the average about 70 million—of sung. It is 
aa ii a star were suddenly created equal in brightness t a all the 
stars of the Milky Wa£ combined. Most of the instants 
observed have occurred in very remote nebulae* but two are 
known to liave occurred in our own Milky Way, one in a.o 
1034 and one in a.o, i$jz r bath of wliich reached n brightness 
greater than Sirius, 
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h i; l YOURSELF A TELESCOPE 

Although it is possible tn learn n gOod riu-kl of astronomy 
withuut u telescope, the possession of nveu a very mudest 
instrument ts an immense advantage TIL? 1 purpose of this 
chapter is tn giv* a description of same elementary uptiral 
principles as they are applied to tehacopeft, and, tn wmo 
hints, on the construction a riel ««■ of the uiuitnijr astronomer'* 
telescope. 

The Refracting Telescope 

Te]efecopas foil naturally into turn dasses d M/jrac?fr% r 11 r lens 
telescopes, and or mirror tdiaicopes, The ref met¬ 

ing telescope k the type most familiar in ordinary uso t fnr 
example, the tclvaeopes timd -it sea. lor shnotlng. iiiid in the 
form of yuoai^hU, are Ed l rifmctois. Hold gUssee are nrndy 
a pair of infracting: telescope-^ often of a mthcr spedal type id 
optical construction, mnimted together «i aa to afford binocular 
vhdotl i 

The principal component of a refracting tdeacoj^ is the 
Eikrg<~ Ictus (tlie objective) mounted Lit. one end of a Lube, 
in the other end of which k a mil tens or lens cnmhinatmn, 
forming afl eyepi™ through which the observer looks. Two 
nptiizai diaaenAtons of the abjective are of special interest; 
they ale its diameter, dltd its fiscal length. I lie diameter of 
the'objective determines, among other things;,, the capacity 
riff the telescope as a collector of light. In a welkvonstrnct^d 
u-locope, almrat nil the light naught by the object^- n-.idn^ 
the eve- Now, at jii^ht, when tbc eye is accustomed tn dark- 
miss,"the maximum sensitivity ui vision is attained. This is 
partlv due tu the opening nf the iris, the ring Structure Carrying 
tlie Lokmr of the eye which surrounds the dark aperture of 
the pupil. If the eye is regarded as an optical instrument 
it is tbe diameter of the pupil which limits the amount of light 
falling on the eye. The maximum diameter of the pupil ^ 
probably about a quarter of an inch, from which it fulluwE that 
t he total light torn a sixth magnitude sta r tvliich fnJls on a, circle 
a quarter Lf an inch in dLaiitctcr is ju=.t sufficient in excite the 
sc-n$Atlon of vision. When one usee a telescope with an aperture 
III three inches mir collects all the light frnrn a hLm whi-h ffl-ISs 
una dr ci- three* inches in diameter; and, apart from tosses by 
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absorption in the hms 4m! feeble reflection from the ler;y 
iEirfaci:.H, all this light is filltoelkd into Use eye. The? thru* 
eiilIe circle 1ms a diameter twelve turn -s lh.il of the pupil. an.I 
Ail Area wMcll h 144 as girat. Hi?su'e, rjismuntinE the 

losses tJifiLliuJiud, Hi*- light tivjitl.tbk 1 ie itj times as pm at, 
earrespondiny lu a gain of rather mum than 5 magnitude! 
Ht?ncc tin? f;iinir*l delratable i* roughly uf nULgilitudi! 

il i nnt l-.kI of magnitude & with I he unaided eye. A star at 
maynitinle 11 is Ida times as faint os one of magnitude 6, 
So that if wu have two star? of identical real cimstnictiuli 
which liavc liic-st nsagfli tuiles, l hen I In- one must br at ten 
times the dbitam.v mF the other. This follows frultl the fart 
I llikt 1 1 1 !.■ intensity of the light ipereived from Cl- gives] gounv 
uJIh otf as Ui'.’ sijuiire of the distance fmiu that source. Thus, 
if we rivihuv rmr Attention to stars l:i[ a ftisan type, the poiises- 
-'!• m of a thre*? huh telescope will, enable us* to detect such 
btare when they lire at 10 limes the 1 uniting distance for 
•I. U ..timj by the naked ey?, If we Jt.ivi- lw.. spheres of giwell 
ii'nlu, Llie 1 a volumes are proportional to the cubes of thos=f 
radii Thu* tin: increase uf ran^e »{ten times miulc nvailul 
by the uf inch EL telnsCDpi* L-nabU?s ug to tiring unik r 

ii.inspn.'atioiL 4 volume of space which is i.uaa limes 3d great 
.1- that avnilaWfl to the naked eye, JI stars were 5 uniformly 
svatteml through .-pace this would menu Umt the msmticr 
•! ^tars r.ibiwrvnbie would increase by r.ooo tiirse^, racing the 
observable number from ntH.-mt 5,000 for tile whole sky ohsci 
vablu with tin: no.keil eyt, to about -j milhon, Thu actual 
lie, 11 res Tor the limiting magtitado for a 3 inch telescope, 
unI the number of itnrs observable are rcspectlvelv ir-2 ami 
almost a ms I Eion,. the reduction in tha latter figure beinu 
due ti> the fart that sta-TS arc not uniformly distributed in 
rpjcc. ft will be 1 dear that the slightest of teltsscopte aid 
doea confer a trciiie.ndoLis advantage. It should be added 
that this urgunictit bused on the aperture of the telescope 
applk^ rs.piiiJlv vvvll ill tcicrtcopug of any tV|Je provided tb.lt 
light Icisjwi within tlic instrument itself can be neglected. 

The various types cf Lcjls may distinguished by the 
convexity nr concavity of their surface!!:- the objective of 
hi refracting tvlr&mpM is <s|uivaJciit to a, bins of the h icon vex 
!M^, that hi a lens both of whose surfaces bulge outwards. 
A lens of tills type, when he-Id In front of a white card Can 
form an image df a bright object in front of it. For exampU 5 , a 
hLiming gln^, is of this type and it form* a small inverted 
image of the sun. If one experimenfs with a simple len- 
uf this type it will be found that the lens rmisi tie held at 3 









142 TEACH YOURSELF ASTHGMOMY 

certain definite distance in front of the ^-u^d ii the image of a 
very remote object is to be sharp. For nearer objects tin- 
distance of the card from the lens must he increas'd. I Figure 
46,] ibis minimum distance is called the focal tengtk of the 
lens and tile ratio of the focai length to Ihe diameter is called 
the JnCul radti. If a lens of diameter 3 inches has a focal 



Figure 4b 


length of 30 inches, its focal ratio is io, and we describe this 
by the symbol " We shall m-wt the same usage in 

connection With the concave minors used in reflecting tele* 
scopes. 

The objective kne farms a foeu&L-d image of the sky whose 
size is prcjpprtfcmsJ to the local length of tbe lent For example, 
the tekscapu of 30 inches locus just considered will form on 
imupr of the moon about a quarter of an inch in diameter. 
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and lhis figure will be doubled if the focal length is doubled. 
When a telescope is used for photography, a photographic 
plate is put in the plane of the focused image so that a picture 
of part p| tb<- sky is duly recorded, For observation by eye 
rt is necessary to use an eyepiece, cUrn-tivdy a short focus 
lens used to magnify the image formal by the objective lens. 
Ifj a retracting telescope this eyepiece is usually mounted in n 
tube of wnajlwy diameter which can fce moved in and out in¬ 
secure a proper focus adjustment. It will tie dear that the 
linear scale of the image formed by the objective Jens is 
hxntL so that photographs with a given telescope are on a 
constant state iif so ismny minutes of am to the millimetre. 

1 Jii the other h-ind the eyepiece, which Is a magnifying glass 
in effect, mav be changed SO as to secure a greater or lesser 
degree of enlargement of this primacy image. The greater 
the magnifying power of the eyepiece, the greater is the 
overall magnification of the telescope., The rule is that 
the magnification is equal to the focal length of the objective 
divided hy tin? focal length of the eyepiece. Thus, an eyepiece 
with a focal length of half an inch will, when used in a telescope 
of focal length 30 inches, give a modification of times. 

Accnnlincy to this rale it might be expected that unlimited 
tnngnification might be secured by reducing; the local length of 
the eyepiece. This is rmect, but after a certain point the 
profess ceases to yield improved results. The diameter of 
the objective determines the resolving power of the instrument, 
ihat is, ita capacity for revealing detail. There is a rule that 
■a tcLcsrope will just reveal two stars aa separate when they 
ate at an angular distance apart appmjrimately equal to 
5/D r.-.Tjonds of am, where D is the diameter of the objective 
in inches lima mir three inch telescope may just resolve a 
double star into ita components when LhesJ are about 1-7 
seconds of arc apart. If they are closer than this, they will 
merely look like a single star, perhaps a trifle blurted, but not 
dearly separated, N T tj amount <-jJ magnification WlU resulv 
them, and the use ai greater magnifying powers will create a 
situation analogous to the case of a picture! drawn on a rubber 
sheet, where stretching Enereases the scats but cannot reveal 
any new detail. 

The capacity of the unaided eye for resolving detail is 
likewise limited. The eye tan just dktingulili as separate 
Jin-ps r two black marks on a white background whose angular 
separation is about one minute of art, Correspond in g to a 
separation of about one inch at a distance of 100 yairls. 
Wc shall clearly be approaching the maximum useful magni- 
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ficaticm flf u telescope if we provide that the minimum rtsotv 
able Hi piratian set by the diameter * -1 t Jiir dbjccl Ive. -.ha:l 
be ma^nifced until ii c orpesptinde tn the minimum ■.Nstnno- 
rcMilvablc by the eye. If we magnify tnnnc than thin wi: 
merely stretch the image* If wc magnify less than ibis we 
till Li II nut bring up oJI the detail Inherent m the image tu n 
«ice at ’.'.‘Inch it can he appreciated by the eye, To do Mi is 
we. must multiply 5/D seconds by such a factor tJmt it equal* 
r minute = bo' L that it wd must apply a magnification 
of 13. fur every inch diameter nf the objective, ut a power fit 
jto for lmjt 5 it mil ttlcsrape is actually only suiTi cleat 

just to show all the detail prjssibtL*, and in practice detail 
will L.". seen more Kuily if a biniier power, up tu, say, 51.. 
tnagni filiations per 1ru.l1 IS employ ml ., Si ill high nr penwen 
make 1 he M rubber shces. " efiect quite pi unnoticed and tjcgill 
to tewd in ii rather marked rnannir the disturbrnuiL-* in 
image formation consequent on atmospheric ili£tufb.\nt;es, 
tin tlir 1 other hand il the mngHtficotiun employ rd is tow lov. 
the bunJ.Le of nays tnieigrog fmm the eyepiece baa ;l rathe e 
large dinmcivr, which may in: so "rent tiial many of them fail 
to enter tEae pupil of the eye anil £0 to waste, Wlnsn this 
h;>|ij wiii 3 only a portion of iim Qbj*s liv*-’ 45 alfrctive, and lIic 
be=.i use of thr telescope is not ^mired. 

So far wu have merely considered the factors of objectste 
diameter and focal length seiwaMy, Now wc ulu^l brHh 
contihlcT tJiutii in eoinblimtlnn. J lk objective diameter fisrs 
the amount □! Eight collected. The focal length fixes the kaI* 
of the image. In the ease uf a single star the former is must 
important since it ftxra the apparent bnghtnesip whim seen 
in the telescope. No star in sufficiently near to be s<.*ji an 
anything but a point pf Light, and, proyirh-d tli 1 - telescope ts 
sti iliciently well co ast me ltd so to pack all the starlight tJ 11 ■ ■ 
,1 single point, that ts the end of the matter, This is. never 
exactly true. Bluet 1 alt telescopes suffer from defect* of Lma.c^ 
termaticin inhfiMLt in the nature ol Uglit which cause even 
thi» most perfect telescope to image .i Star as n very small 
spurious disc surrounded hy a number .-f very faint ring-. 
Thrst can ^jmt'timf'S Em seen if a very high pnwi-r is used on 
u bright star when the atmosphere v, very steady, Fur the 
moment wc can limVcVCf neglect this aspect of the mallei 

Thus the brightness pf a star image depends sLildy on the 
diameter of the objective. The scale of the picture* and the 
apparent separations between vaiimis stars in a field of view 
depend on the focal length of the objective. However, 
matter* arc different when it comm to rtwerving objects bavin* 
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smtJl a peri cptihle fcjituut, smc-h as the mqun p iLu . 1 plan pm 
r cli mds d-I lutidtintls gat in the Milky Way | nebulae). Thcu. 
l:u:E-ac , 1 liic total light ■ allected lieficnd^i Mil liie diameter 

• f tilt* objective, hut the siae of tin; image- fen rnc-d by this liSlvt 
depends mi tins focal iringtfo. A short focus faatrumeut will 
puck all the available light into a fnudl m^ago. whfth wil!, 
therefore, be relatively bright. A Jong focus- hnrtmnirm nf 
tin 1 game aperture will spread tJiir sum; Hglit over a larger 
area and *to produce a lam ter image. This is of little impor¬ 
tance for ohji^t-b sue 3 1 as tiie moan and planeti when? the 
surface btightnefis 33 large, and where there is no rLk that 
spreading out tin.’ image will make it so faint that at Jiccoirie^ 
; 1 ■ lr j 1 11 -f tu !5e<! l”'or ft.i-i h work a large scale, lending |-. . . 
observnbrm nt dft.iji 1^ the nr^t consideration: but when the 

• hjiTt ia faint iis in tlin case of comets arid nebulae it l*> 
m'i ossAry to Itn'p the surlace brightness -ls high as possible 
in nnliT to ser them at all. The idea! to aixn at i* tu keep rho 
tut aJ hglit oh gri at as posalbk l,Le. ta tnalw- D large) and to 
puck il in ten it* small *\ii image aa possible (that fs + lo keep 
tin- focal length imnlli. The etc two requirements together 
mean UuU the focal mttuimjst be kept Small, If the t.-!- *:ope 
ih i-> hr u« hI for phntogmpiiy the Hinalincns of the image is 
not ij f ruisr.b r.iriscq lienee. since the photograph can after- 
wards be cikhii^i rl or examined under a microbe qpr-u 

TiieTe La. of ■ ifttfse. a limit to the smaUnats of thr image. 
it it became* too small vn that it is mdistiri^ubdiabh frmn a 
-car. it erases to count as an image of an extended object, 
iind tin 1 comdderatinm applying ti> sui unagt-s now apply 
10 it, But as long ns. this limit is not reached, it is the foci] 
ratio alone which counts in determining thr k brighHu^a of 
the image of an extended object and not the diameter of the 
objective. Thiifv strange as Jl may st*«?ni. tin; miniature 
* aitiera wdrjctftg at W l?l be fflotn r flint cut fur the glhoco 

graphy of. say a largr comet, than the 200 inch trlesc-onc 
■■■. 1 1 i'-h works at f,':p3, I lie difference k. *.f roiaH ut ihc 
photograph taken by the fritter will 1 st; much larger in ^:ale t 
and &how far more detail, 

It may tw .iskeil why tfk-icopea air not then mink with 
much HsiiaJicr focal ration than they are. There are a variety 
•t reasons, one nf them hcijquj expense. The amateur plioln 
emptier known very well thn difference: in cost between a 
1 .LUiera u'jjrkinu dawn m. say, f /6 and tine which worita down 
to J/.V 5 and he liI^u knnwi by ex^riente how much slower 
the former h thuu Ulc latter. 'The Imisc? tn the .short focus 
,r 3‘V 1 have tu he mnde with much greater cm-k.'atures -1 nd ilierr 
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Lin; often more component^ m the lens. In the astronomical 
case thorn are often objections tD the use of len&es with many 
components, quite apart from the feet that the manufacture 
uf each Component rif a large Iflfis is ail r.xperLsive and tedious 
process. 

Most astronomical objeclive lenses contain two components. 
These are lenses of different curvatures made of different types 
qf glass. The reason for this type of construction is as follows: 
wc have already met the phenomenon of ref taction (the bending 
qf light in a medium of varying densityor the sudden change 
of direction of light rays at the boundary between two trans¬ 
parent media). We have also noted that it is different fur 
light of different colours, it would follow then that a simple 
lens, consisting of a single piece of glass would, to a slight but 
significant extent, separate cut the light rays of different 
colours which constitute white light, and deviate them to 
varying degrees Mine light is bent most, and red light 
[east, So that the image in blue tight would be- formed Hearer 
the k'jLb than th>: one in red light That is. the local length 
for red light would be greater than the focal length for blue 
Sight. If a card were placed at the "red" focus a sharp 
red image would be seen, auirounded by a blue h&MK Tfcr 
opposite wquh'J be true 3t the h * blue iJ focus. It is, however, 
possible, by mailing the components uf different materials, 
to produce a compound lens which foruHrea the blue and red 
rays at the? same distance. There is a alight residual effect 
because the intermediate colour^. ycffqw and green. arc still 
slightly out of focus. In good cameras the lens often Ima 
three more components which still further reduce tht* 
chromatic (colour) effect,, but it usually impracticable to 
follow the same plan For any but a very small tefetieope-. 

The Amateur's Refractor 

Having dealt in same detail with the optical principles of 
telescopes, and particularly refractors, wo rimy now apply 
these to the problem of obtaining a suitable instrument for 
amateur observation. It is possible for the amateur to 
construct n crude refracting telescope out of very simple 
materials. All that is necessary is a lefts of fairly long focus. 
Such as a cheap spectacle lens, a suitable cardboard tube, 
and a lens <>f fairly short focus, iuch a* a cheap magnifying 
glass. The focal length of the spectacle Letts Es dfttenninn] 
this letLE is stuck cm Use end of the cardboard tube as squarely 
ns possible. The magnifying glass is stuck squarely on the end 
of another tube, preferably of a siae to ^lide snugly in th.^ 
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iitisl, and tha tnvg^ tube is oil n 3 to such a length that a focus 
can be obtained and a certain range of movement on either 
side allowed* When properly focused the total length of the 
telescope will be equal to the sum nf the focal lengths of the 
two lenses. 

The construction ts simple enough, and the telescope can 
Lie used for observing termhriaJ objects. However, when such 
a crude instrument ta turned an a star the need. fpr greater 
refLiiemcnt of construelion will usually become apparent. 
The squaring-an of the leasts and the exact coincidence of 
their axes of symmetry is very Important If this ia not 
secured h every star will possess a small tad like that of a 
comet. This detent is known as cama, and arises from defec¬ 
tive centering and squaring-on of the Lenses. To mate a 
tdescnpe suitable lor astrnnnmkal observation requires a 
certain mechanical skill and access to workshop facilities. 
Lota! technical colleges may provide workshop ctmracs whirl] 
win afford the accessary instruction and facilities. Even then, 
the amateur is to Ik: dissuaded from trying to manufacture 
his own len^* until he ha.-^ gained some experience. If you 
arc ambitious to constract your own refractor the nrganisationa 
and book? listed in the appendix will be of help. 

However, a preferable course is far the amateur to buv a 
itnall telescope. There arc. especially in large cities like 
Loudon, a number of firms which sell second hand astronomical 
telescopes. and evcui enday something quite serviceable should 
be available at a price in the region of £30 The organisations 
Lhitrd will probably be willing to offer advice, hut if you con¬ 
template setting out un your own to buy a telescope there 
are a dumber of simple jtoints which should be remembered 
and which will help yon to lay out your money to the best 
advantage. 

First examine itsc general mechanital condition of the tele- 
scope, and reject it if the tube shows iigELso-f dentin got bending 
or other damage The tube should be of stout brass and 
Ehd objective should be mounted in a cell of its own which 
screws nn wLth a very fine thread- The objective should have 
two com pane[its and you should examine it carefully for sign* 
of sLT'iitchi ugj bubble or defects in thn glass. or dirt. I Jo not 
take the components out of their cell: in a good objective 
the orientation and spacing of the components will have been 
carefully fixed by the makers, and you wit] dratrny this adjust¬ 
ment If you remove them. The draw tube carrying the eye¬ 
piece should slide in and out perfectly smoothly without any 
play, and, if this is operated by a rack and pinion", the operation 






T1= A' II VOl'RSrLF A-T]^>S'iMV 


I4M 

alir.rulct be perfectly swetfL There should be two ot three cye- 
pkc5 uf different power going up to, siy, 50 ms 

inch diameter i*J the objective. 

Test tilts telescope on a dear eaJm night ami sec that it 
prudueiai A perfect intake n =lnr, Test Lti resolving power 
by observing double btais like Castor, Mi 24 r t 7 Andiron ied Be, 
Use sword <>1 Chrktfn clusters like the PhsiadeSi and Pmesepe, 

1 se the form ulnaalready given in. this chapter to teat whether 
it ‘diowi stars as feint ay. 3 t shuiili! and rtsoivea pair? iil 
pear the theoretical limit of resolving power, Look at the 
nrbuhmity in OfLuSi and elsewhere ;iml seu lidw bright it louks, 
iHTiiriu^ itl mtlid what has already i\ctm naid al.Hiut the Cumin 
tiun liclween hnag-e brightness and the lucal ratio uf -i 
telescope. I ry in tins way to furril u imtical judgment 1 4 
performance and. if possible compare it with another tele¬ 
scope of fairly similar coostmcticitfi under similar conditions. 
You should now know snottgh to Ira able to allow for slight 
differences of diameter and tm d nitio. 

One of tile must important features of a tdfcsv o\h j . is i in 
m Hunting, All tel«"5cnpcs for priitcssimiEiJ use have what to 
called tqiittkttZid au the amLiij^eruent of which derive- 

from tho principles set out in Chapter I. For an obsefve-T 
111 any given latitude Ltie altitude uf the pule is equal to I hi 1 
latitude. A telescope lias to lie mounted in Snuh a way tliNt 
it can move round two axes al: light angles to *ach otlitr 
As an analogy, a gun Ls mounted ho to piovkti* movcniem 
ml elevation I i. e. movement about a horizontal ax as] iogathur 

with a traviTiing miivumait Imuvemeut miLiid it Vertical 

iisisj. The two axes nerd not be Horiaoritiil and vertical, 
and the principle nf eipiiLiiariiil mounting U tn make *rn\ m 
avia parallel tr■ that of the railh, it- tu tip il lip fnuri tin 
horizontal through an angle equal to the j.ititihfe Swinging 
round this axis enables the telescope to be lived in hour angle. 
Perpendicular tu thin axis in a tross ax Lb. tin- deidiimtmn axi-. 
and movement round this cqrresponds tu a change tn declina¬ 
tion. In a fixed ohaervntory where the telescope is perma¬ 
nently mounted, this arrangement Uoa great advantages 
SealeA fixed on the mounting enabln the declination and hour 
angle of a position to be read oil at once, and conversely a 
star can be picked up at once from the tabulated crumbnates, 
right aacemsion and declination, even if it is fur ton feint tn 
be been with the naked eye. In ad dittos, a driving dock :■, 
provided whiotl steadily turns the polar axis nr tin- diurnal 
rate, Si5 lhal rmrjp an object is centred in tiiu held it remains 
so. [Figure 50,} 
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However, Hie amateur will not usually require guch refintf- 
mr-jit-. oil kis telescope. What 111- needs ii an instrument 
svhsicil Ilf can carry nut icit * the garden when h<- wants t-s 
.h^urvL!, find which tali U: Mon-d in a clean dry cuplwnurl in 
Ull] intervals The Amplest type • <: mounting will suffice 
i'hk i.=i £he> ahuffirnnth type, a formidable name, which 
111 fans nn rnnre than Hint Hie telescope can l>e turned up an ! 
down in altitude and swung left and right (Liu imimith) to 
reach any part of tin- sky. It will, of couch?,. ba realised 
that objects munt tin-a be picked up with reference to nearby 



Figure 47 


stars, since the all dude and bearing ol an object of given 
declination and ni£h.l iUCrUSkm are Con tin unity changing, and 
that the tL.-leflj.-npe will have to be uupi’d by hand every few 
minutes to taka an ■ n.mt of thirfe touvemeutfl. This will 
m |'Tael i- •-. lie fnunrl not t-■ he a serious disadvantage, 

An uIt-arimuth mounting need L-onskt ut tin more than u 
vcrtkaJ pillar which can rotate, on the top of which is n 
piairi bearing allowing movement in altitude. The tclescop- 
siimiUI lie SWlficicJltLy well balanc&d fc and the movements 
sufficiently tight to ensure that the tube stays in any 
|>-LtLMil into which aL may lie put, ant! does not iTop over, 
is important about this type of mpuntinR Is that the 
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pillskT shall be fixed on lop of a tripod insufficient sire and 
stuTdiocss- Tho tripod should be uf heavy wooden const! ac¬ 
tion with spiked legs which can be driven into soft ground, 
It should be sufficiently tall to allow the observer to stand or 
sit in comfort when lining the instrument. (Figure 47,) 
Any slight discomfort wiU he magnified to agonising proput- 
tions after quite a short perii.nl nf observation* Some siiaiui 
facturers produce what is coiled a 14 table stand M consisting 
of no mere tluin a pillar perhaps a loot in height, 111 led with 
three hinged feet. This type of stand is quite ti&ele&s for 
astronomical purposes and should be rejected oat of liund. 


Tlte Retteding Telescope 

The principal component of u reflecting telescope la a cotton v 
1113nor whose upper surface is shafted to the farm of a para 



Figure 4 R 


boloid fi.t each Bection through the centre is a puEaboU), 
this surface being covered with an almost microscopically iliiti 
layer of silver or ahirnimunk Thi^ shape is adopts borausi 1 
it has the property that all rays of light Impinging nn the 
mirror parallel to its axis of symmetry aru reikted so as ii * 
pass through a definite point, the foeua. (Figure 4^4 It 
must be noted that the light does not enter tins glass of the 
mirror* the sole function of which is to provide an accurately 
formed surface to cairy the metal reflecting layer. In a 
refracting tetescapa the glass used fur the tenses must, as far 
as possible, tie free from bubbles, inclusions and other blem¬ 
ishes. The glass lot a reflector need not be of snob h^h 
qualityd although ot course, superlative quality is desirablr. 
The two components of tlie lens of a refractor have four mu 
laces which must be figured and p o li s hed. The reflect in y 
tclesoope ha_s only one* although it must be shaped more 
accurately than the Stirling of a lens. 'Die reason for this 
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SB that si tiifl guiiaco of a mirror lb turned through a certain 
angle the reflected ray is turned llLruugh twice that angle. 
Hence, if there is a delect of shape iai a mirror in the form o, 
a small area tilted from t ku correct surface, this 4 EfeguIax 
error will product a doubled effect on rays relieved from tiial 
area. I 3 v contrast in the? case of a lens, surface imperfections 
■ -1 this hind produce a reduced effect In spite of LUis. the 
factors Gimme rated above—reduction in number of surfa-tes, 
less stringent n.-qn Lrcsn.cn Is as to quality of glass — make 
reflecting tElesCopea of a gtvefl size much less expensive than 
refractors of equal size. A usual sl^e for an amateur reflector 
is si* inches aperture, whereas refractors of thU sem ah- 
unusual. 

Most reflecting telescopes are of the Newtonian form. The 
mum mirror is mounted at one end of a suitable tube, down 
which the light passes from the star. It is reflected at the 
mirror Surface and returns nl the form Of a converging C0I3C 
which would reach a focus on the axis of the tube just above 
its open end. It is impossible in small telescopes to put the 
eye in this p.Hilion without blocking out thn beaming light, 
so that a small flat mirror or prism is placed in the centre of 
the tube: to reflect the light to the side where it enter* in eye¬ 
piece or bills oft a. photographic plate. A small proportion 
of the Incoming light is cut oil by the shadow of the small 
^ecantlrtry mirror and the thin van«a which support it. but the 
loss is mconBiderahlc. In The 20a inch telescope on Mount 
J^Lltiinar. Cel Uluru la, and In the 120 ilidl telescope at Lfck 
Observatory, also in California, it has been found possible tu 
piuvidt MbEcrvlng potritiorui at the focus of the main mirror 
in the form of carriages suspended in the centre of the tube, 
into which the otavmrr can cteib, 

The focal length of a mirror Is the distance from the mirror 
surface to the focus. All The considerations of diameter, 
focal length, ami focal ratio previously discussed, apply 
equally wtll to mirrors. The reflecting surface is apt to 
dettrriamte with time. Silver surfaces rarely last more t-haji 
uls months esjjccbiily il the air hi contaminated with todustdafc 
smoke which usually contains sulphur. Aluminium surfaces 
last much lunger, sometimes as long as Len years. Thus 
there is apt to be a falling off in the proportion of incident 
light reflected by the minor, and for a reflector of a certain 
diameter and focal length there tnay be a loss of eflkifucy of 
perhaps as ninth as half a magnitude as compared with a 
refractor of the same dimensions. Two great advantages 
enjoyed by reflectors are, first, that all Colours arc reflex led 
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alike from the mirror. There is no distortion of colour and 
the subtlest bhadrc of colouring, for example on the surfaces 
u i pEancts, are fsUtMuIly reproduced, Secondly, it is possible 
to make the frjcal ratio of a reflector relatively small without 
undue difficulty. Whereas refractors rarely have a focal ratio 
of less than io, reflectors often have a focal ratio as small as 
j_ Further reduction of this figure is however a matter -of 
difficulty since the curves which have to he fiprd on the 
mirror surfaces be Loams inconveniently deep, and certain 
defects of image formation become more pronounced. We 
have remarked that a paraboloidal mirror brings ail rays 
parallel to its axis to a perfect focus. That is to say, if the 
telescope is pointed exactly at a star a perfect Image is formed. 
However, the telescope naturally has a certain field of view 
and slara at the edge of this held send in rays which arrivLi 
m parallel bundles at a certain angle lo the axis, For such 
rays the focusing is nut perfect, and at the edge of the field 
every star is imaged as a bright area from which a small tail 
or flare extends in a direction opposite to the centre of the 
field. This defect is called rmna and cannot he suppressed 111 
a reflecting telescope* (Figure 40 (d) {&).) 11 does, however, 

become more pronounced at a given distance from Urn centre 
of the field the smaller the focal ratio. 

In a small reflecting telescope the mirror 15 supported iti the 
slmptest of cells. This need be no more than a disli-shaped 
piece of metal—an automobile bra.hr drum ii often used- 
in which the minor ran rest nu a layer of thick felt or cork 
sheet. This serves the essential purpose of preventing 
direct contort between the ijLaes and metal- In larger icW- 
scopes a special support ay stem is provided, This usually 
takes the form of a number of set3 of cork-faced pads, three to 
a set. The members of f^ach set are mounted at the vertices 
of a triajigutar frame mounted an a rocking support. The 
use of thrur such sets gives support at nine points, while the 
rocking action automatically equalises tlie toad on each support. 
In stall larger telescopes, counterbalance weights P ire pTovidnc L 
to afford sideways Support when the tube and inirrar are 
tilted. The purpose of these arrangements is to provide a 
sort of mechanical flotation system which will support the 
mirror without strain into whatever posture the tube may be 
turned.. With a mirror weighing several tuns there is a serious 
danger of distortion nf the glass under its own weight and these: 
support systems obviate the danger by providing on automatic 
catly adjtinted support all over the bock and sides- This is 
cm* of the reasons why all very large telescopes are retfectnre: 
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« k'lifi can only be supported at its rim. and beyond a certain 
siizfl thLi limited support becomes inadequate to prevent sagging 
of tin- glass. Lsqje mirrors on the other hand cam be supported 
all Over tlic back and sides. 


i-igure 49 

The mounting of a small relict tor Ls usually ratliMr s<|iiat and 
st nrciy since the support of the tube is usual !y located quite 
near fox lower end Tills crimes about since the support has 
to Ih- Lear t be centra of gravity of the tub?, and the principal 
weight is jiraividcd by the mirror In ata cell, Pot a six inch 
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minor working at fj& r the tub? wilt be about four feel Jong, 
and the support may be about a foot trom the Lower end, 
A 6hmd three feet high then brings the eyepiece about five 
feet from the ground when the telescope- is. pointed vertically- 




Figure 50 


The observer can then stand comfortably alongside the tele¬ 
scope and easily observe the sky near the zenith where the best 
conditions of observing are usually to be loiind- 

La-rge rejecting telescopes arc always mounted oquaturLalLy. 
The polar ascis may take the form of a targe tasting with th* 
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declination axis running through it at right angles. On 
•me end will be the lube, OR the Other a large counterbalance 
weight. For very large telescopes the overhang of the wight 
of the tube to one side of the axis is something 0/ a disadvan¬ 
tage and an alternative plan may be adopted. The polar 
ttjds may then take the form of a large frame with two parallel 
trmg' sides joined by two shorter ones at right angles. The 
nhurt sides earn,'’ the polar axis bearings and the tribe is hung 
between the Long sides where it can turn north and south. 
It the cuds of tin? frame are straight the north-south move¬ 
ment ia limited, so that it becomes impossible to point the 
teksflcope to the region of the pole of the heavens. In the 
>00 inch teiesrope this h avoided by replacing the northern 
short straight i-dim by a huge horseshoe tearing into the 
throat of which tin- telescope may be turned *0 a* to reach 
tin? pok?, {Figure 50 (f).} 

In another lyftlcm of mounting-—the fork type—the polar 
axis corresponds to the handle of a two-pronged fork, while 
the tube E* mounted between the prongs and turns in declina¬ 
tion on bearings fixed to the end* of the prong*. (Figure 50 (c)*) 

The Amur cur's Reflector 

The manufacture of lenses i* a somewhat difficult under¬ 
taking which should not be attempted without experience 
and special equipment. The man u fad. are uf a concave 
mirror for on astronomical telescope is a process which requires 
patience but is not too difficult. Although small reflecting 
telescopes can be purchased through the channels already 
mentioned, it i s quite common for amatcure to make their 
own mirrors, relying solely on iiLstnn:Lions set out in book? 
such as Amateur Tsleicope Main Fig. Nothing special in 
che way of apparatus as required and an extraordinary 
variety of people, of both sexes, all ages and all kinds oi 
occupations have fmmd this kind of optical work interesting 
and pleasant. I he principles are simple enough,. but there 
are many possible refinement* of detail. The purpose of the 
present brief sketch is merely to outline the methods, and. it 
is hoped, to stimulate Interest to the point at which the reader 
may be inclined to make a closer study of the subject. 

To begin, -Oile requires two discs of glass, one of which will 
eventually become the mirror, the other being the tool. 
They should be of equal sbt? and of the same material. Care 
should he taken that they are not too thin: a thickness not 
less than one-eighth of the diameter m desirable; for a six 
inch disc a thickness of one inch is ideal Ordinary plate glass 
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will serve, but pyrex. =1 obtainable, is to be preferred. Fyrex 
is much less expansible with change of temperature than 
ordinary glass*, so that the exact shape nf the mirror, on which 
its functioning depends, isn&uch less vulnerable tn temperature 
changes. The mirror hi ground to bhape by rubbing the taul 
over the surface ol the mirmr with a little wet abrasive pirn -d 
between. There air only twu pahs of surfiices which have the 
property that they may be moved one over the other white 
remaining in perfect contact in any position. One of thera is 
a pair of plane*: the other b a [Mir of spherical surfaces, 
one convex * the other concave, and of the same curvature. 
The purpose is to produce surfaces of the hitter kind. the um\ 
being worked to a convex shape, the mirror itself to a concave 
shape. Tins practical method of doing this is tu lay the tool 
face up, preferably uU the top eud of a barrel, mid to wedge 
It lightly but firmly in position with small wooden blocks. 
The barrel is suitable because it allow* the o|Jerator to walk all 
round his walk, It should be set up in some .secluded spot, 
atich as EL shed or it garage, where it is passible to exclude 
dust and to hose down the work and ity surroundings with 
water. 

3 ome workers attach half a croquet bait to the bock of the 
mirror by means of pitch. This serves as a hantlU? on which 
a fairly considerable pressure can be exerted, Other workers 
simply use bare hands. To begin j small quantity of man-- 
carborundum powder is put on the tool and wetted. The 
mirror is then laid face down, and a stroke is taken by pushing 
the mirror bank and forth once straight across the Centre of 
the tGi.il. The next stroke ii taken at a slight angle to tUr- 
first, the worker having shifted slightly sideways. He repeals 
the operation throughout the work, shifting steadily round and 
round the mirror. As the process has te-cn described, each 
stroke comes on the same diameter of the mirror, so, every 
Jew strokes the operator turns the mirror slightly to expow 1 
a new diameter to the abrasive action. The principle of tile 
work is tliat on the overhang at the i±tld of each stroke, the 
pressure on the edge of the tool b increased arnce the weight 
nf the mirror h being carried on a relatively small area of the 
tool. Correspondingly the greatest prewire on th* mirror 
at this point is falling on its centre. There is thus- a tendency 
for the edge erf the tool and the centre of the minor tn wrjax 
B-WEy. the mirror becoming concave ami the tool Con vt \ 
The process ol walking round tin barrel* and uf slightly rata ting 
the mirrorj ensures that the wear is evenly distributed. It 
will lie found that, quite rapidly, the mirror starts to become 
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concave .and tiit' tool convex; the surges having the appear¬ 
ance uf ntlur rough ground glass. Alter serara! charges of 
coarse carborundum have been used up, it may ba judged that 
the work has gone far enough to changi? to a rhv grade. Not 
only must the surfaces bo ol the right form; they must also 
end up by being perfectly polls tied. Tbia ideal is approached 
by singes, Alter the coarse carborundum, the work is 
thoroughly washed so as to mbove ail tracifts of the coarse 
abnuive and a finer grade is substituted. Work with this 
grade must be Continued until all the pits mad? hv the coarse 
rariv>nmdum are ground out, and the smaller pits of the new 
grade instituted* This shortens the focus of the mirmr, 
hut less rapidly, nd converts the surface to the appearance 
i>l relatively fine ground glass. At any stage the focal length 
may In- tested by wetting the mirror, setting it upon edge in 
a darkened rmm and tiling it with a lamp. When the 
lamp is placed dose U* the centre of curvature but a 3 title to 
one side, the image of the tamp will be seen coincident with 
liie Hourae, Tills coincidence can be tested by moving the 
Nad ^Lightly to one side* If the source am! "the Image in 
the mirror appear to move exactly togethtr the lamp Is at 
the cuntrp of curvature. If they show relative movement, 
the nnr which moves with the eye is mare distant, The bails 
of this test can be readily understood from the fact that at 
Uli’ centre of curvature all tin? rays from the lamp are falling 
perpcffldicnloHy on the mirror Surface and are being sent 
I hack along their tracks The radium of curvature, Le. thu 
distance or the lamp from the mirror is twice the focal length. 

This proems is continued with ever finer grades uf carbomm 
dam until the mirror has a very finely ground surface, and a 
fiscal length slightly greater than that required. The surface 
has now tr 1 he. palisbcd This is done with jeweller's rouge on 
U Lap mml■ ul pitch, Snmir pltc!i with a slight admixture of 
beeswax ir \v Armed until tncited and then poured on to the 
tool, TIMS mirror Is coated with rouge and water and pressed 
on to form the lap. This is allowed to COol and the mirnur 
removed. A scries oE v"shaped grooves is then cut in Lhe lap 
with el rj /.i it ao os to form a pattern of squares. The centre uf 
tile tail must be just in the comer of one of the squares, 
Since otherwise- the mirror will polish in rings, (Figure 51 (a), 

] he mirror Is then pclhdied on the lap, using rouge and water 
as abrasive, until it has a perfectly smooth surface. At ibis 
stage great rare must be taken not to scratch the mirror. The 
smallest particle of metal allowed to fall on the lap will scratch 
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it beyond rcdemptfiun, Dust must be excluded, but the room 
must not be dotted amcc this mere tv raised the «J uhS and deposits 
it an t be ]ap wLcra il will da most daumgc, 

The mirror h now ah exact sphere and has a pDlistied 
surface, The shape of this surface is sensitive. Touching 
it with the fingers will transmit sufficient host to the gurfue 
to expand the Bretts of contact into perroptibhj hillocks a 
few million tbs of an inch high, polishing will h eat tins mirror 
by friction and it must be left to cool before testing its shape. 
What i.-i required is a paraboloidal mirror, that is one. wtnrh 
is slightly deeper at the centre than a sphere. The difference 
between the two shapes is very slight, and \o obtain the right 
shape requires an accuracy oi working many times greater 
than that of ordinary engineering’ practice. To produce 
this shape further polishing is carried out with parts of the 
outer edge of the lap cut away. It b n nt appropriate to go in to 
tie tads hen, but it may he of interest to describe the rather 
simple methods pf testing which will dlow when the surface- 
hm been ihaptd correctly to the paraboloidal form. 

The Foucault Test 

The teat to be described b called after Fntrcault the famous 
n Lpctecnth-cen fury astronomer and physicist of that name. 
Tn carry it Out* the mirror is Set up on tsdgu, and a vctt small 
light tfpot is placed at the centre 1 o£ Crirvalttre by the method 
already described. The beat light source to Use is a lamp 
placed behind an opaque screen pierced by a pinhole. If 
the pinhole b slightly to one side of the centre of curvature 
it is possible to place the eye next to it in such a position that 
the whole surface of the mirror is seen illuminated. ITw small¬ 
est scratches or surface blemishes will immediately show up p 
rspeciaUj if the light is fairly brilliant. Suppuso the mirror 
is perfectly spherical, and Srupprjse wc have a knife blade, 
preferably & razor blade mounted cm a screw support *0 that 
the edge of the blade can be brought m slowly across the Hue 
of sight, The tests car be done with a table knife held in 
the hand, but it is difficult to prevent the hand and eye 
wobbling about, A properly mounted knife edge and a 
support for thn chin or a hxed hold for the eye to look through 
help a great deal. [Figure 51} Id.) 

If the blade is brought in beyond the point of conturrojire 
of the rays the cone of rays wOt be cut oft on one side, and a 
shadow will be seen advancing across the mirror, Tf the 
blade is brought in on the nearer side of the point of concur¬ 
rence of the rays, the shadow will be seen advancing across 
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Figure 51 

the mirror from the apposite side. Ii the blade IS brought m 
exactly at the point ■:>! concurrence (the centre of curvature} 
the iTuiTur will, ii it \s perfectly splierical. go dark dj aver 
install tasiwrjusly. A lv$l of (his type applied at the facuF r 
using a bright star as the light source, k employed by asLmna- 
mers to fix exactly the focal plane at a telescope. 

F* 
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To revert to our teat Let us now suppose that we nave a 
mirror winch is not exactly spherical, but which has, say 
through an error in figuring. acquire a shape in which tln're 
am two Etmes. a central of small curvature fi.-e, targe 
radius Qf curvature) and an outer uue of smaller :ra4itis o( 
curvature. In practice tile em^ra Will be So small that the 
mean centre of curvature for the whole mirror wilt be close 
to the centres for the two rones, and will lie between them, 

I f now wr bring - in a knife edge at the mean centre of curvature, 
it will be Inside the centre for the middle none* and outside 
the centre for the outer one. The shuctowa will, therefore* 
cornu across the mirror m opposite directions, and a shadow 
pattern like that shown in the figure will result- The test is 
most sensitive, arid Will readily reveal the presence of raised 
ur depressed zones on the mirror. [Figure 51 (e).) 

It can ilsij be used to test when tin.- figure is a paraboloid. 
A paraboloid is a slightly deeper curve than a sphere with a 
slightly grt-iiler curvature at the centre than at the rdge. 
Thare is/ of course, no sharp transition between these two 
zones, eo that whit will tie seen will lv a rather subtle sharp «w 
pattern which will become ruCognLiable with Experience. 
An expert can walk up to a tllirrer illuminatcrJ by a point nf 
light, holding a table knife in his hand, ami can immediately 
detect errora which may amount u» only a few hundred- 
thounandths of an inch. (Figure 51 (f),] 

This sketch coven only a few of thr more salient points. 
Its purpose is to show that tins class of optii-at ivnrk can In:, 
and indeed often is, undertaken in ordinary home HurraundingH 
by ]people with no previous experience, and that rgsuJbi 
with an accuracy far beyond lhoi of ordinary eBginccriaig 
practice can be secured. 

When the mirror is made, it must be silvered; red pea for 
doing tliis are available f we append is I or alum in used. The 
latter inuil be done professionally since it requires VHCLiuni 
equipment. Tt LS more expensive but mdre j,w:nnaiicnt- Sil¬ 
vering produces a much less robust coat, which Is tlot otilv 
liable to ramish, but also suffers much more if the surface is 
accidentally touched with the fingers, or il it is allowed to 
become wet with rain or dew. 

The mounting of a reflector usually defeats the amateur 
unless; he has workshop facilities, but, if these are available, 
there ii host of works describing mctlmds of construction. 

To summarise this discussion ran the amateur’s telescope 
we can say the following: II you want an instrument to 
amuse ymundf sightseeing round the heavens and you arc 
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not mechanically minded. buy a refractor, If you are more 
ambitious and ha%^e more facilities buy a teje^ope tor the 
time bring, and try making n mirror. 

The AiiiEiiuur Observer 

When it corner to tjbwrv ing the amateur may do one of two 
things. Either hr can amuse himself and hip friends with 
tours round the heavens, wiihing to go no further than to 
f-njoy this strange and wonderful ^cetadcs which ar»’ there 
to be seen, With the smallest oi telescopes you may observe 
the moons of Jupiter and the markings on his surface. You, 
may, by consulting the N&uiical Almamm. be prepared in 
advance fur transits of these satellites [passage in frunl of the 
disc;! trfcaliatii.^js [pa_wge behind the disc) or eclipses (passages 
through Jupiter's shadow). You may observe the rings of 
Salnrtl, the polar cap* on Mars, anc| the phases of the moon 
and Wim*. Yuu may, by plotting thr tabulated position 
Driven ill 1 he Nautical AimatuiC, try mi locate Uranus, and, 
when you have done so, verify the Fact by observing the same 
TMraition on wveml rights to see whether the suspected body 
has moved against the star baekgruunch You may observe 
the many double stars available, and delight in such spectacles 
os the Orion Nebula, the Pleiades, Praesepe, the Hercules 
cluster, Omega Ceuta an, and so forth. If you provide yourscH 
with Norton's star alias, you will soon learn your way found 
the sky as -.veil as you know your own backyard„ There is F 
in fact, a wealth of interest and amusement tu be gained from 
such sightseeing, Most amateurs are content with this {as 
they have a right to be) and go no further. But, as we have 
explained, there are a number oi types of genuine research 
which can be undertaken by the amateur even with a small 
telescopic Your local or national astronomical assnciatErm 
will help you tu take part in Such co-tiperativc programmes 
as tht fc observation of double htars and of occult at ions, and, 
even if you have not gut a telescu}*:, yuu can take 1 part in 
meteor observation. For work of this kind you need guidance 
more detailed than cun be given here, and your association 
will be glad to provide you with it- 

The Schmidt Camera 

Tu conclude tliis chapter, we shall make a short reference 
tu a tyjie of instrument which represents something oi a 
departure in telescope design, and which is receiving so much 
public notice that .m account of it may help in the under- 
standing of sometimes rather obscure newspaper reports. 
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Tllft properties Of ,1 paiaboloMai mirror are these" a bundle of 
rays parallel to the gjds is reflected to a perfect focus, but a 
bundle arriving in anv other directum comes to an Imperfect 
focus, and &howg the phenomenon of coma. ( Figure 49-1 
The increasing importunee of uotna with angular distance from 
the axis, efiKtfvdy limits the useful angular held of view. 
For example, in the case of a mirror working at f/3, coma L*. 
quite appreciable at an angular distance from the centre of 
the field which SS a quarter of the diameter of the moon. 
Ail Large reflecting telescopes of normal design have a very 
limited field due to tliis cause. Thus,, although a large reflector 
giving a large-scale, detailed, image til ideal for the study n! 
known objecti; of Interest, the smallness of its field makes it 
unsuitable as an instrument fur searrlung the sky for new 
discoveries. What is needed is an instrument which wEll 
very rapidly survey a large are^ of sky and which will pick up 
objects likely to be of interest for special study- 

Now consider the properties pi a spherical mirror, TIuh 
has the properties that a parallel bundle of rays coming in In 
any dircetkm is rt:flucted r nut i>a perfect focus, but in such ^ 
way that all the reflected rays touch a certain CUT ve. T his curve 
Ls called a faMsfrV and somewhat resembles two curved plumes 
springing from a single point rather its the manner of the two 
h idler feathers of the flanr-de-lys. It is often farmed naturally 
in familiar circumstances* the two best examples being pren 
vided by a cup of tea and a ship in duck. The milky tea 
show# very well the path of light rays through it. and the 
caustic, can ho wen well when a cup of milky weak tea ls 
illuminated by a strong single source of light.. The second 
case is htEt seen near the bow of a vessel moored alongside the 
quay in such a way that the sunlight .shines on the bow plates 
near the water-line, the water there being In shadow. It is 
often possible to see -a, scimitar-shaped arc of tight on and ns 
ihe water in such eiicu mstances, especially If the Surface is 
Terfcctly Still, (Figure 40 (a). fb ) 4 (c>.) 

Although a spherical mirror thus produces a defective locus 
at every part of its surface, all parts are identical in form 
Thus, effectively the mirror has no special ax;b r auid all over a 
very wide field the quality of image formation is equally ^orwJ 
or equally bad. I £ a amall" diaphmgni were placed at the centre 
of curvature,, all parallel ban din of rays passing through it 
would fall perpendicularly on the mirror surface, and would be 
reflected to a rather poor quality focus lying on a curved sur> 
face having half the radius of that of th* h mirror, (Figure 
5 a (a).) If "a nlm could be put there we should have a teksonpe 
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producing rather bad images, but wliicli wau3d hive an angular 
Ikld many decrees in Slie, that la d possibly hundreds of time* 
aa large us that of u normal reflecting telescope. What ls 
tnocti. the focal mtio could be reduced, if not Indefinitely. at 
least to values undreamed of for normal Instruments. AH that 
has lo be done then L* to had some way of keeping these desir- 




( 




Figure ya 


able properties wink improving the quality of Imago formation. 
This dSflicult probbm was solved first in the 'thirties by Bern- 
hard Schmidt, an optician associated with the Hamburg 
Observatory. He designed a special kind of plate—the correct* 
mg plate — which \e Site a Lena of rather slight curvature, 
funned into a double wave farm [Figure 52 (b) J which will 
achieve this purpose, The manufacture of fluch plates 13 
extremely tricky but Use technique Ls rapidly advancing 
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Schmidt camera are cimv bein^ used widely in can nation with 
television, arid in this the plates are often cast from 
piastre, but for astronomical purposes something mure exact 
is required. 

In recent years a considerable number of Schmidt cameras 
bos been constructed,, nm nf the most notable b^ing the huge 
one uii Mount Fnbmar, having a mirror 7 2 inches in diameter 
and a correcting plate 4!* inches in diameter which is bcin^, 
used as a scout for the ioq inch telescope. Thu principal 
defect of the ordinary Schmidt camera is that the correcting 
plate h.L-i to be at the centre of curvature, which L- twice 
as tar away from the mirror as the □rdinary focus. That 
ls, a Schmidt is twice as long as a te lescope of con volitional 
design having the same aperture and focal ratio. 1 Figure $2 
(c).) Naturally, since Schmidt cameras can be made with 
much shorter fuci tiiais con veil LionaJ reflectors, this is not quite 
as serious as it would be for a longer focus instrument, but *x 
long tvluscope automatically means a large aud expensive dome 
to house it. Another disadvantage ts that the him is curved 
and ha*, to be placed at a rather inaccessible position inside 
the tube. Recently, efforts have been made to modify 
Schmidt's original design with the object of producing a 
hut held and a plate position which is more convenient. 
This work has resulted in a variety of new instruments, 
Of which two of the most interesting are sin- Baker-Schmidt 
telescope lit Bloemfontein, South Africa, and the Liufoou 
Scllmitdt at bt. Andrews in Scotland. 
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3 alpha 

v nu 


3 beta 

im 


Y gamma 

o omicron 


ft delta 

it pi 


t epsilon 

p rhn 


£ zeta 

cf *sgipa 


i) eta 

T tau 


ft theta 

u upsilon 


l iota 

9 j>hi 


a kappa 

X 

chi 


X lambda 

i p*i 


\t inn « omega 

The CtHi&l el hition^i 


/IWrtwwio 

Andromeda 

Casswpaut 

C'eniaurui 

Cassiopeia 

The 

A ntiia 

The (Air) Pump 


Centaur 

Apm 

The Bird of 
Paradise 

Cc phe ns 

The &ea 
Monster 

A quanta 

The Water 

Bearer 

Cthti 

The Whale 

,-3 qutla 

The Easier 

Ckamadsou 

The 

Ara 

The Altar 


Chameleon 

A rga (A r flri'a) 

(The Ship! Atgo 

Circinus 

The 

.-4 riel 

The Ram 


Compasses 

Auriga 

The Charioteer 

Cotumba The Dove 

Coma Beftnfe^s Heremee's 

Bootes 

The Shepherd 

Corona 

Hair 

The 

Caelum 

The Chisel 

Bortalii 

Northern 

Camtiopardm 

The Giralfii 


Crown 

Cancer 

The Crab 

Corona 

The 

C«t)*s (>hr,ifici The Hunting 

IhlRS 

Australis 

Southern 

Crown 

Cwnii Major 

The Greater Dug 

Corpus 

The Crow 

Cams Minor 

The Lesser Dog 

Crater 

The Row] 

Capricsrmis 

The Sea Goat 

CrUS 

The tSouth- 

Carina 

The Keel 

i&j 


Am) Cross 
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The Const*! latlonv—(«mii nw^l 


Cygnuf 
Delpfanus 
D&rnila 
Draco 

Hridattus 
EtfuuieW 
(Firforis) 

Fornax 
Cfvriiini 

Gnts 

Htrtuhs 

Horologium 

Hydra 

Hydras 

Indus 

Lti&vta 

Im 

1-to Minor 

LepUS 

Libra 

Lupus 

Lynx 

Lyra 

Mtn&a 

Mitroscopium 

Monociras 

Mu$C& 

jVorWfld 

OrMns 
Ophivzhu s 

OflQH 

P&VB 

Fega$ut 

Perstm 

PhotntM 


The Swan 
The Dnlphiti 
The Swordfish 
The Dragen 

TheGelestisU River 

The (Artist's} 
Rase! 

The Furnace 
The Twins 
The Crane 

Hercules 
The Clock 
The Hydra 
The Wateraaakr 
The Indian 
The Lizard 
The Uou 
The Lesser Lion 
The 

The Balance 
The Wolf 
The Lynx 
The Lyre 
The Table 
(Mountain) 

The Microectipe 
!’he Unicom 
The Fly 


The Square 

This Octant 
The Snakc- 
Slrjmglcr 
The Hunter 
TliE Peacock 

The Winged 
Horse 
Perseus 
The Phoenix 


Pkiar 
Piter* 

Pisois 

Australis 

Pappis 

Pyxis 
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Sag lit & 
Sagittarius 
Scorpio 
Sculptor 

Scutum 

(Ss&Mtfai) 

Serfiam 

Sextans 

Taurus 

Ttkscopium 

Triangulum 
Triangulum 
Australia 
Thu mo 


The Painter 
The FIsfort 

'Hie Southern 
Ftsli 

The Poop 
The 

(Mariner's) 

Compass 
literally Th< 
Net 

IV««lllqi3h thr 

ifjnirihnld rrlldf 
ii^-rl l.v Lucjiiilj’ hi 
lW* iwlHJlim obttf 
VitlOiu, 

The Arrow 
Tire Arthur 
The Scorpion 
Thu Sculptor 
(h\$ studio) 
The Shield (nf 
SohieBld) 
The ScTpcnt 
The Sextant 

The Bull 
The Tele- 
scope 

The Triangle 
Hie Southern 
Triangle 
The Toucan 


Ursa Major ! he Greater 
Bear 

Ursa Minor The LeSSer 
Bear 


Vda 

Virgo 

Volins 

Vutpicuta 


The Sails 

The? Virgin 

The Flying 
Fish 

Thr Fox 
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Some Bright Stars 

Star 

Magnitude 

R.A. 

a Andrornedac (AJplierati 

l) 2>2 

ah 06m 

a Cassiopeia? (SchedarJ 

Var, 2*]--2 *6 

nh 

$ Cfffcl (Biphdaj 

2*3 

□h 4101 

y Cassiopeium (T&ihi 

Var. 1*6-2-j 

□h 54m 

a Kridani (Acllerrmri 

o-6 

1I1 36m 

a Ursitt Mlooni (Polaris. 

2-1 

ill 49b 

s Arictis (Hanul) 

a<a 

?h 04m 

fj Pend f Ahroh 

Var. = r i-y 5 

3 k 05 m 

m Pei^ei (Mirfak) 

1 -9 

jh men 

a Tatiri (Akiebarui) 

I-I 

4 h Jim 

p Orkmis (Rjgd) 

fl-3 

_^h t a m 

■ Auriga? fCapeHn) 

Y Orinjiia (Bcll^trixJ 

Cl'l 

*■7 

$h 1 jTn 
$]\ :2 am 

fl Tauri (Nath) 

t-B 

5h 23tn 

c Orionia (Aliitiain) 

t-a 

5h 14^ 

£ Grip ni* (A Ini tali) 

2’t 

3h 3Sm 

it Oripnis (Saiph) 

2'2 

5b 45m 

a Oriotik (BetplguuseJ 

Vai 0*1 -i>a 

!^h 5am 

fi Aurip.;iL> (Mmnkalinau) 

2*1 

^h 56m 

p Caitb Majarii (Miriam] 

2*0 

6h aoni 

a Carina* (Canopu^ 

~0*9 

frh 23m 

Y Gerainorum (Alimaa) 


6ll 35m 

a Can is Maoris (Sirius) 


6h 43 m 

r C-aruR (Adlmraj 

1*4 

fill 57m 

A Gan±s Majoris (W«pea) 


7I1 ofim 

a CemiTinrmn (Ckatorj 

1*6 

7h 31m 

a Cams Mi Doris (lYocycm) 


7h 47m 

pi Cleminorum (PaJLux) 

1-2 

7I3 >{ ,jcn 

Y Velorum 


flh oUcfi 

e Carina* 

t ‘7 

^h iitta 

ft Ydbrnxn 

2-0 

43m 

* Veloram 

2+2 

nh otjm 

p Carina? 

IS 

Oh 13m 

a IIran (Alphuid) 

J *2 

<>h. 25m 

a Ldotlfs {ftugnlua? 

t -3 

toll 06111 

X Ursam Mdjaris (Duhhoi 

3*0 

I lb OJm 

'fj LcdJIls f Dcnchnla 1 

3 t '2 

Ilti 47m 

« Crucia [Acmx) 

t-J 

1 ih 24m 

Y Cnacifi 

1-6 

i2h sflm 

0 Cruets 


ish 45m 

t 1 . TH.:a r Stajons 

1*7 

1 ah 52 m 

a Virginia (Spies) 

1-2 

ijh 23m 


ifi? 


Declination 
+ 23 ° v / 
+ S 6 ’ 16' 
1 3 s 16' 
+ 6q* 2?' 

- 57’ ^ 9 ' 
— So ' 1 02 ' 

+ = 3 ° U' 
+ 40* 46' 

+ 49° 42’ 
+ 1** 25' 

- 8" 15' 
+ 45" 57' 
4- Q* r3' 
+ zA* 3< ‘ 

- 1° 14' 

- 1 * 38 ' 

- 9 ’ 41' 

+ ?W 

+ 44 s 57' 

- »7’ J6' 

- 5?’ *6' 
4* is® 37' 

- i** 39 ' 

- sa 3 54' 

- 26® 19' 
+ 3 *’ 6' 
T 5° 31' 
+ 2S 0 do' 

- 47“ >>' 

- S 9 *ai* 

- 54 ’ 3 *' 
“ 43” 14 ' 

- 69*31' 

- 3 ° 26' 
+ 13 * 13 ' 
4 - b%“ 01' 
+ 24*51' 

- ■G*® 49' 

- 5&° 5°' 

- 59’ *5' 

+ 3 ^ H' 

- JO* 54' 
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Some flrlghr Stars {e&ntinunl} 

Star ' Magnitude 

R,A. 

Declination 

1; Ursae Majoris {Alkadd} 

1-9 

13I1 46m 

+ rf 34’ 

j'-j Ccntaud 


14b oom 

— &o° o3 J 

x Bootis (Arctunifl) 

D-I 

14b ijm 

+ 1<J P if 

a Centaur i (Rigel Kent) 

0*1 

14b 36m 

- 60" j3' 

p Ur&ae Minuris (Ivonhab) 

2-1 

14b 5110 

+ 74° J*' 

a Scorpil (Antares) 

I*Z 

16S1 zbm 

— a(j° 19' 

x Triang. Aost, 

T‘9 

I6h 45m 

— 6# a 5f>' 

X ScoFpii (Slnutaj 

1-7 

37k 30m 

- if °V 

* OphiiLthi \ftas Alhague) 

it 

17I1 33m 

+ 12’ ?*>' 

ft Swrpii 


1 ?h 34m 

- 4*! 5 8 ’ 

t Sagittarii (Kaus Austrahsl 

t'D 

iBh 21m 

- 34° i5’ 

a Lyrac (Vega) 

0*1 

iSb 35m 

+ 38° 44 

it SagEltarii 

1*1 

1 ah 5am 

— i6® 22' 

a Aquiiae (AlUdrJ 

o-9 

igh 48m 

4- 8° 44' 

a Pa von is 

i-i 

aoh. 22m 

- 56* 54' 

X Cygni (Deneb) 

**3 

zoh 40m 

+ 45" ™' 

a Oruis (Atrasri 

1*2 

z ill 0301 

- 47° 

3 Grab 

2*1 

tab 40m 

- 47* "9' 

a Piseis Aust. (Fumnlhautl 

1*3 

2 ih 35 m 

- 29° 53' 

A Short AJtrqpumlcai Dictionary. 

Altazimuth. Simple typo of telesc-dpe mounting affording 

iziovrmcnt in attitude and azLmutli (bearing!. 



Altitude. Angular elevation above the homon. 

Angular separation, Angie formed at tin- observer between 
directions to two stars or other objects. 

Annular eclipse. Solar eclipse such that a ring of the sun Is 
left visible at maximum obscii ration. 

Aphelion. PuitH oil orbit of planet, comet, etc, most ramrUc 
from sun. 

Arctic, Antarctic, Circles, Latitude limits of appearance of 
midnight sun. 

Arks, First Point of. The vernal equinox: Origin of co¬ 
ord, mates of position on celestial sphere. The point. Oh 
ft.A., Dcclmatknfl, zero An intersection of the equator 
and the ecliptic. 

Asteroid. A tumor planet, 

AstronomlcaJ Unit. Average- distance of earth from sun. 
About 93.005,000 miles. 

Atom Smallest unit of chemical substance. 
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Aurora. (BorcaiLs, Australia!. High altitude display of 
light, tlcd.trital In origin r occurring near the uurtti (south) 
polar regions. 

Averted vision. Technique of observation with oblique 
gaze foe detection of faint luminosity. 

Baily's brads. Phenomenon occurring fit the beginning nr 
end of totality at a total solar eclipse doe to sunlight shining 
do wn Itmar valley n. The appearance is that of a string of 
beads of light fringing the moon. 

Binary star, fair of stars moving round each other under 
mutual gravitational attraction. 

Caustic. Curve touched by system uf rays in optical pheiso- 
pnmmm, e.g. by mfleeted rays from a mirror. 

Celestial sphere, imaginary' sphere of large? radius used for 
marking directions tts tclc-.Htial objects. Celestial pates; 
points uu Lzclt-stiuJ sphere in directions parallel td axis of 
tile earth. Cefottial eqttdlGt: line marking projection on to 
celestial sphere of earth's equator. Line of ^ero declination. 

Ccpheid variable, A type of intrinsic variable star exhibiting 
chiimcterLHtic and very regular cycle of variation, 

('hrmiinsphiTC!, A solar surface layer of high temperature 
characterised by recombination of electrons iind ions, 

Lire urn pi ilar (star), A slur which does not rt^c nr set, and 
remains always above the horizon. 

Coma (in a telescope}, A defect of imago formation leading 
to the appearance of spurious tails on alE images. (Of 
a comet) luminous region surrounding the nucleus. 

Come t. Body moving i rs orbit round the sun an d characterised 
by the development of an extended luminous tail at closest 
approach to the son. 

Lmistellation. Arbitrary' group of s tar * selected lor enn- 
veu LLiiu-j of designation -d Individual stars. 

Corub a. Sober appeitdfige: a faiu t pearly white clou d surround - 
log the sun visible at times of total solar eclipse. 

Cusp The point or horn of a crescent, 

Declination, Angular distance ol a body north or south of 
celestial equator. 

Cart J1 Slum- Faint illumination of dark part of moon due to 

rejected light from the earth. 

eccentric Literally, out of the centre. Used of an eJLipticaJ 
orbit in which the- 3an. occupying oue foe us p is at a distance 
fmm the* centre. 
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Eclipse, Phenomenon which occurs wlicii ate celestial body 
passes into the shadow of another, as in the case of the earth 
and mo wi, or of Jupiter ami nut of its fiatellitcs, etc. 

Eclipse Year. Interval required for sun. to pass from ouo mode 
of moon's orbit round to the same node again; about 14$ 
clays. 

Eclipsing variable. BSnaiy star in whkli the cciftipdncnLs 
as seen from tke earth obscure? each other daring orbital 
■motion. 

Ecliptic. Apparent path of sun against star backgrounds 

Ecliptic Limits Angular distances from rock of moulds 
cubit within which sun must lie at full or new muon if an 
eclipse is to occur. 

Electron, Ultimate particle of negative electricity. 

Ellipse- Type uf conic section- Form of ali planetary and 

Fiatellite nrbtts. 

Equation of Lime, Difference between apparent time am! 
mean solar time, 

Equatorml, Type of telescope mounting with one ask parallel 
to that of the earth permitting direct setting in declination 
and hour angle. 

Equinox, vemaJ, autumnal, See Aricu p Libra, First Point of 

Figuring, Process of working of optical component to e^act 
shape- 

First (second, third, fourth) contact, U&ed with reference to 
eclipses. First contact is the mninciJt when the sun and 
moon hr^i appear to touch. Second Contact when totality 
begins or when, in an annular eclipse. the moon is ftrst 
completely In front of the sun. Third and fourth contact 
describe similar cotiugurations (in opposite order) as the 
moan begins- to pass ull the sun. 

Flare. Sporadic solar phenomenon involving sudden appear 
am:?’ of localised bright area on the sun, followed by terre* 
trial phenomena ?uch as radio tule-uul-^ magnetic storms 
and aurorae. 

Focal length, ratio. The focal length of a tens or mirror is 
thn distance from the lens ur mirror to the image nf a remote 
object. The focal ratio is the ratio of this length in the 
diameter of the leas or mirror. 

Fbqus. Point Of concurrence of light rays. Point occupied 
by sun in relation to elliptical orbit of planet, comet, etc. 
The usage is actually identical in the two -cases for light 
rays emerging from one focus of an elliptical mirror arc 
concurrent at the other focus. 
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PuucauEt igtU-cenUtry French agtronomer and, mathE- 
iMtkinn . The Foucault test fur miirora and lenses is 
named alter hirn, 

G^eusclirin, Faint patch of light on ecliptic in direction 
upjn jftittt tu son P 

Gibbous. idoon or planet having bright part greater than 
semicircle and fesft than circle, 

Greeti Flash. Flash of g?eeti light sometimes seen momen¬ 
tarily nt sunset whzn the horiaou is dear. The phenomenon 
is due to n;fraction. 

Greenwich Mr.nj Time. Time *ystcrn kept by clocks in 
Britian in winter. The Hour Angle of the- Mean San at 
Grecnwidi plus iz hours. 

Greenwich Siderc-al Time, Hour Angle at Greenwich of the 
First Point of Aries. 

Gregorian Calendar. The modem calendar, with E&ap years 
every fourth year, except ,bi century years whose Erst two 
figures art tint divisible by four. 

Hour Angle. Angle at north or south celestial pote between 
directions to a btar, planet, etc. H and meridian of observer. 
The value at any moment depends on the longitude 0 f 
the observer; thence, local Airtir angle* Greenwich kvur angfe, 
etc. 

Hyperbola. Conic section of one type (the others being the 
fdlipse and the jmffeboUJi Orbit of object passing sun at 
very high speed, or of meteor passing earth at verv high 
Bfgerf. 

I tan. Atom deprived by any means of full complement of 
dectrLins. ft'tds&tian, process nf deprivation. 

Julian CaEentlar. Calendar introduced in Rome by Julius 
Caew, having leap year? every fourth year. Superseded 
by Giegorinti Calendar. 

(Cut A speed of one nautical mile per hour 

Latitude. Angular distance, measured at centre of earth. 
Of point north err south of terrestrial equator, 

Libra. First Point ni\ The Autumnal Equinosc, Point at 
Ifight A Mien si on fih and zero declination. An intersec¬ 
tion of the ecliptic and celestial equator, 

Li bra Lion Axial oscillation of moon relative to the earth. 
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Local Time. Time appropriate to longitude of place under 
consideration. Greenwich time adjusted for longitude 
dliierenc*. 

Longitude. Angular distance measured aidilg t-arLh's equa¬ 
tor of meridian through place east or west o£ Greenwich 
Gveenmich meridian. line of zero longitude. 

Magellonic Clouds. Two l»rg*« aggregations of stains retecitfibling 
detached portions of the Milky Way, in the southern shy. 

Magnitude. Number describing the brightness of A SttH. 
plan •.■ t, etc. 

Maria, Smooth areas on surface: of the Moon once erroneous I y 
thought to lie seas. 

Mean Sun. Fictitious body moving - at uniform rate round 
celestial equator in one year, user] as standard for defining 
Greenwich Mean, Tune. 

Meridian, (if Line era earth s surface running due north and 
south, {2) Line on celestial sphere miming south from 
north celestial pule in northern hemisphere, nr north from 
south celestial pule in southern hemisphere. Afrruiiflu 
passage, moment ut act of celestial body craving meridian 
as earth rotates. 

Meteor. Small body rendcrud momentarily Luminous by 
friction on entering atmosphere of earth. MrffOrs/d r a 
meteor not consumed entirely which lads to earth. .VfrifMr 
shower, group of meteors sharing cotiimem motion producing a 
display of numerous, almost simultaneous-, meteors, Afftn'r 
radiant, poeitioti in sky from which all meteora of a shower 
appear to originate. 

MetonlC Cycle, Interval of ig years at which a Series of five 
or si* eclipse s may neveur with the sun in the same pari ul 
the sky. 

Midnight Sun, Phenomenon of CuntiiiuiiLion ol daylight 
throughout the 2.4 hours occurring when the sun is a cir¬ 
cumpolar star. 

Milky Way. Irregular band of light spanning the shy pro 
d need by innimieiable ptars, whirls constitute the star 
system of which the aun is a member. 

Minor S'ianet, Gnc of sgrmj 4500^2,000 small budirs moviut; 
nq orbits round the sun, mainly intermediate between those 
of Mnia and Jupiter. 

Minute of Arc. Angle equal to one-sislitth of a degree. 
SmjjuJ 0/ .4 m: one-sixtieth of this, 

Moou. A satellite, especially the earth's satellite, describing 
an orbit round a planet under its gravitational attraction, 
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N'auttcal Mile. A distance of 6,oSa feet corresponding to an 
angle r if one minuie nf arc at the centra of till! earth. 

Nebula. Literally p pj clgad Ji s Originally applied indis¬ 
criminately to any object seen as an extended patch uf 
faint light. Now known to have been applied to many 
object* of dificrciLt real constitution which are now distin¬ 
guished as exteogtifoGiU nebu.h w; objects similar to the whole 
MiJhy Way: fff^enu or diffuse nrbutw _■ relatively near and 
small structures representing detail in tho Milky Way, 
Also L'F-rtain other types. 

Sode. Intcraedtion of apparent paths of two objects, such 
Eks Moon's orbit with ecliptic, satellite orbit with planetary 
orbit. etc. 

Noon. Apparent. Moment of mend tan passage of sun. 

Nova. Phenomenon of sadden explosive brightening of star. 

Objective. Priocip:*] component of a telescope, i.e, main 
minor or large fens. 

Occultatson. huagt of Moon qr planet in front of star, or 
of planet in front of satellite. 

Orbit. Path followed by planet or comet found sun. or satellite 
round planet. 

I’litiiboiii. A type of conic section, Fowifck form of orbit 
□f fast moving body under special circumstances, paya- 
hoi&idl surface of symmetrical form such that every section 
through the centre is a parabola. This is the form required 
tur the surface nt a mirror fur use in a reflecting telescope 
Such a surface in frequently described by mirror makers as 
" parabijlic \ 

Parallel of Latitude, Line of constant Latitude; a circle on 
the earth's surface centred at thi* north or south pole. 

I l fcmitnbra, (t) Region of partial illumination in shadow (of 
planet or satellite), \± t Zone of intermediate brightness at 
edge of sunspot. 

Perihelion, Point of closest approach of a planet to the atm. 

Period- Interval after which ll phenomenon recurs, as period 
of a variable star, of orbital motion., of axial rotation. 

Pliitse. Used to describe degree of illumination of moon, 
plant-1 nr satellite. Also in sense of fraction of period of a 
recurrent phenomenon which has elapsed, as for ciamplr, 
in connection with variable star. Also with reference to 
eclipses, to describe stage of phenomenon, as total phase, 
partial phase. 
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Planet Cod solid body moving in orbit round sun (or pu&dbly 
star) uwitif light it]id heat Id sun (dr Star), / ttferior, 
superior, pl&nrii : those with mbits interior, exterior, In 
that of the tilth . 

Planetarium. Device for dpmonfltmtmg apparent motions 
of -stars, planets, etc., usually by projection of images on 
interior li/ darkened tit mu-. 

Position Circfe, Cirulc centred at suhstuJlar point of si lm, 
planet, etc r , having radius corresponding tu measured 2ft nit b 
distance of object, 

PramincnLcs. Large flams-like appendages of mm not nor¬ 
mally visible without apodal instruments. 


kefictior. Ty pe ol telescope usmg a mirror for image fomin- 
lium Newimbn Rrfieciar : urigirnl form devised by Ih^u: 
Newton Still widely cmptoyccl. 

H efmetion - landing of li gilt rays un passage from Olie fill'd i UfSl 
to another, nr into layer of same medium having dilii-mit 
density, c.g. water tu air, glass tu air* hot air to cold, ot 
vice veFSa. 

ftEfraetor. Type ol telescope employing lenses for imaj;.. 
formation- 

Relativity. Theory of type pmp<wd by Einstein which «cks 
to unity nh physical laws m form independent of pa.rticul.ii 
conditions of □bscrvatkiiU 

Resolving power Capacity of Jens, mirror, eye for reveahm^ 
detail. 

Retrograde MutMi. Motion of planet, satellite, contrary i-« 
general direction of motion of bodies in solar system, or 
apparently so. 

Right Ascension, Number used in defining pu^itiunB on celes¬ 
tial sphere analogue h, to longitude in terrestrial usage. 

baros, Period ol tS years and *□ nr tt days after which 
cdip&ea recur, but not in the same part of the sky, or visibli 
from the same region of the earth. 

Satellite. A nitron. 

Schmidt Camera: Type of telescope invented by Bemhufd 
Schmidt having very wide field of view and producing very 
bright images of extended objects. 

sidereal day. True period of pjcinl rotation of earth relative 
to stars. Equal to hours 56 minutes of ordinary time. 
Divided inti) 24 sidereal houis, and these into minute* and 
seconds of sidcreaJ time. 
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Sidereal Hour Angle. AKtemaUvc method of specifying 
_ Right Ascension adopted for purposes of aircraft navigation* 

Sidereal Time, Time based on rotation of earth, relative to 
■{tar*. Lftral Sidetial Tim€.- Local Hour Angle of First 
Point n * Aries. G vMnmeJt Sidereal Timc: Greenwich 
Hour Angle of this point, 

SriLir rime. Time system based On hour angle of inn. Men h 
soirit iimf based on hour angle of mcaji sun, 

Solstice, Moments when sun is at greatest northerly or 
southerly declination. Positions where this occurs. As 
summer solstice, winter solstice. 

Snbstellar, Subpolar, Faint. Point at which star, sun. is in 
zenith. 

Sunspot, Solar phenomenon analogous to meteorological 
disturbance in earthy atmosphere. Suiwpvl cycte: period 
af about n yeara during which frequency of appearance of 
sunspot vanes. 

Synodic period. Period after which the same relatiy e positions 
of iwu placets,. fir ol s^.ilar surface and ptanet a or planetary 
-surface and satellite, are reproduced. 

I ran ait, Ffrsya^c of an inferior planet In front of inn's 
A very rare pbenomenon- 

Tropkal year, Average interval between successive passages 
of sun through vernal equinox. 

Fmbra Zone of complete darkness in shadow of planet,, 
satellite. Darkest part of sunspot. 

Variiibli- star. Star whoa? brightness vanes due to internal 
chaii-qv or eclipse by a second star. 

Zenith Point nn celestial sphere directly overhead. Ziniih 
distant* angular distance from this pint. 

Zodiaci.il light. Paint ilhittiinatinn due to scattering oi 
sunlight by dust, extending ea&t and west of tbr sun along 
the zodiac (ecliptic). 

Zone tame, Standard time system -adopted for convenience 
throughout a given geographical EOfle. 
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The folk*wing bctfiks promote interest in astronomy’ among. 
ama teurs svndl will probably be glad to offer advice and help. 
Most of them publish journals]* 

Cheat Britain 

British Astronomical Association, 303,. Bath Rani, H6 uh»Eqw 
W est, Middlesex:, England* 

U.S.A. 

Numeratis astronomical socictieg exist, To make contact 
with the nearest try, 

Skv and Telescope, Harvard College Observatory, lio 
Garden Street Cambridge Mis* . U.S.A. or Astronomical 
Society Lif the F&cffie* 075. Eighteenth Avenue. San Fran¬ 
cisco it. California, USA. 

Canada 

Royal Astronomical Society of Canada, 13 Rosa St reel, 
Toronto ni, Canada, 

Ireland 

The Irish Astronomical Society: c/n Armagh Obwnttlury. 
Aw|h, Northern Ireland, 

Ntw Zealand 

Royal Astronomical Society ol New Zealand. Carter Gbsarva- 
tocy + Wellington^ N.Z. 

South Africa 

Astronomical Society ol South Africa., Royal Observatory. 
Observatory, Cape Province. Union of South Africa. 

Australia 

Several astronomical societies cwt; enquire of Common- 
weidth Aitftincnicr, Mount Stromto, Canberra. 
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